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A TECHNICAL DESCRIPTION 
of the 
SAN FRANCISCO OAKLAND BAY BRIDGE 


In Non-Technical Language 


This little book is offered to that portion of 
the general public, interested in the San 
Francisco Oakland Bay Bridge, and who man- 
ifest a desire to learn something of the me- 
chanics of its construction. 


Higher mathematics and technical phrases 
are two of the principal tools used in the en- 
gineering profession, and by the use of these, 
the technique of this profession is given ex- 
pression. However, it is quite difficult for the 
average lay person to grasp the full meaning 
of such phrases as “bending moments,” “mod- 
ulus of elasticity,” etc., characteristic terms 
employed in explaining the mechanics of 
bridge engineering. This little book, therefore, 
is written in ordinary language, and should 
enable the average person to gain a better 
conception of just how the mechanics of en- 
gineering is applied to the building of this 
bridge. 


The illustrations were drawn with this idea 
in mind, and in such a manner that they 
might be understandable to a person unversed 
in the higher branches of the engineering 
profession. Therefore, many of these drawings 
are not strictly orthodox, and if they do not 
adhere to the accepted practice of the pro- 
fessional draftsman, it is only because the 
idea was to make the subject clear to the lay- 
man. 


EK. CROMWELL MENSCH, F. M. 


(Copyright 1935) 


THIRD EDITION 
(Revised) 


MAIR IN 
COUNT Y 





PLATE I 


The San Francisco Oakland Bay Bridge is one of the major engineer- 
ing projects of this decade. It was some sixty-five years ago that such an 
undertaking was first proposed, and with the passing of the years, the 
need and practicability of spanning San Francisco Bay with a bridge was 
finally crystallized into this present undertaking. 


Plate Iis a map of San Francisco and the East Bay Cities of Oakland, 
Berkeley and Alameda. San Francisco is located at the northern end of 


a peninsula, surrounded on three sides by water. The East Bay Cities are 
on the mainland. This street layout for the cities shown represents only 
some of the major arteries. The San Francisco terminal of the bridge, 
shown on the map by a square, lies 414 blocks south of Market Street, it’s 
main artery. The Oakland terminal of the bridge, shown on the map by 
a circle, reaches SanPablo Avenue, the main north and south arterial that 
leads to the center of Oakland. Actually, the approaches at the Oakland 
terminus branch out fanwise in order that Berkeley and Alameda may be 
reached by arterials leading from them. 


The population of the various cities and towns in and around the bay 
district which will act as feeders for this bridge will total approximately 
1,500,000. The ferry systems, which will for the most part be discontinued 
upon completion of the bridge, carry, in round figures 4,000,000 vehicles 
and 50,000,000 passengers per year across the bay. The estimated ca- 
pacity of the bridge is 25,000,000 vehicles and 50,000,000 interurban pas- 
sengers per year. 


Referring to the map, the main ship channel used by ships enter- 
ing and leaving the Golden Gate follows the shore line of San Francisco, 
and passes between that city and Yerba Buena Island, which lies east of 
the northeast tip of the city. Considerable shipping also makes Oakland 
and Alameda its terminal, passing up the channel shown between these 
two latter cities to the Inner Harbor, or to the Oakland Outer Harbor, 
just north of the 8S. P. Ferry terminal. Even the majority of this east 
bay shipping passes between Yerba Buena Island and San Francisco on 
its way to and from the Golden Gate. However, there is also a ship chan- 
nel between the east shore of the island and the Key System Pier. 


Like any other project, such factors as stated above and many more, 
were carefully studied as a preliminary step in planning the bridge. 
Crossings at several different points were proposed, the advantages and 
disadvantages of each were fully discussed and studied, and the crossing 
finally adopted as shown on the map. In making up the plans for the 
bridge, the crossing between San Francisco and Yerba Buena Island was 
designated as the West Crossing, and that between the island and Oak- 
land as the East Crossing. As Yerba Buena Island rises sheer from the 
water on the west to a high peak, a tunnel was laid out to pierce the 
peak. As the tunnel emerges from the peak on the east, the bridge is 
carried over the remainder of the island, in the open, to the east shore. 


It will also be noted that the bridge makes a bend in the East Cross- 
ing. The object of this is to clear the present Key System Pier, an in- 
terurban system that operates electric trains and ferries. Although this 
ferry service will be discontinued upon completion of the bridge, this 
pier will be utilized at that time as a part of the Oakland Outer Harbor. 
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PLATE II 


The upper half of Plate II illustrates that portion of the bridge span- 
ning the West Crossing. The drawing shows the elevation, or side view, 
as it would appear to an observer looking north. Below this is a plan of 
the bridge, looking down from above. The lower half of this plate illus- 
trates the portion of the bridge spanning the East Crossing, likewise in 


both elevation and plan. If the two halves of this plate were placed end 
to end Yerba Buena Island would be interposed between these two cross- 
ings. Plate I shows the relative position of the complete island in plan. 


The West Crossing, consists of two 4,630 foot suspension spans, 
placed end to end. At each end of these suspension spans is placed an 
anchorage for the ends of the cables, and in the middle of the crossing 
where the ends of the two spans come together, there is an anchorage 
common to both. The San Francisco anchorage, shown at the extreme 
left edge of the drawing, depends on its sheer bulk of weight to resist 
the pull of the cables, being a huge concrete block 150 feet tall. The 
Yerba Buena anchorage, indicated by the small triangle just to the right 
of the pier on the island, is known as a tunnel anchorage as it is formed 
by tunneling into the rock. The fastenings for the cables are set in this 
tunnel, and it is then filled with concrete so that it is gripped by the rock 
in which it is embedded. For this reason it is much smaller than the San 
Francisco anchorage. The center anchorage is so constructed that the 
St exert a pull opposed to one another, and is shown in detail on 
Plate XV. 


Between the center anchorage and the island are two vertical towers 
built of steel and rising from above the surface of the water. They rest 
on concrete foundation piers, which are sunk down through the water 
and mud until they rest on bed rock. Between the San Francisco and 
center anchorages, two similar towers are shown, in addition to which 
is shown a third, but smaller tower, near the shore. The function of this 
smaller tower is illustrated on Plate XX. From the tops of these towers 
two cables are suspended, hence the designation of this type of span as a 
Susvension Bridge. In an elevation of this sort, one cable is behind the 
other, and it appears as though there is only one. From these cables 
that cross from anchorage to anchorage in a general horizontal direction, 
are suspended vertical cables, or Suspender ropes as they are called, com- 
posed of steel wire rope. The structural steel work that forms the deck 
structure of the bridge is fastened to the bottom ends of these suspender 
ropes, and the floors of the bridge are thus suspended from them. 


As the weight of the bridge exerts a downward pull on these vertical 
ropes, they in turn exert a pull downward on the main or horizontal 
cables. This downward pull of the suspender ropes, together with their 
load, on the main cables, sets up a strain in the latter that acts in a hori- 
zontal direction. This horizontal pull in the main cables is opposed by 
the weignt, or rigidity, of the anchorages, hence the various parts of the 
structure are so designed that all of these forces are balanced, and re- 
main in equilibrium. 


The bridge has a double deck, the top deck for the use of automo- 
biles and the lower deck for interurban electric trains and trucks. The 
drawing shows a row of crosses between two parallel lines at the bottom 
of the suspender ropes, and represents the steel work of the deck struc- 
cure. It is known in this type of bridge as a Stiffening Truss. The traffic 
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on the lower deck passes through this truss, while the upper deck traffic 
passes along the top of the truss. 


Just below the elevation the distance between the spans is indicated, 
and these distances are known as the horizontal clearances. A clearance 
is the width of the channel used by the ships in passing under the bridge. 
The center spans have a clearance of 2,310 feet, and the side spans have 
a clearance of 1,160 feet each. The side span adjacent to Yerba Buena 
Island is likewise 1,160 feet wide, but as the tower at the San Francisco 
end is erected at the pier line bulkhead of the steamship docks, there is 
no side channel on that end of the bridge. The 2,310 foot distances are 
designated as that of the center spans, although the 1,160 foot distances 
are shown in the center of the drawing. The reason for this apparent 
inconsistency is due to the fact that there are in reality two separate 
bridges, placed end to end, and the inward facing side spans of each meet 
at the center anchorage. 


The bridge slopes upward toward the center anchorage, forming what 
is known as the crown of the bridge, its purpose being explained in con- 
nection with Plate XXIV. Despite the smallness of the drawing, this 
crown can be made more apparent by laying a straight edge along the 
bottom of the stiffening truss. To effect this crown, the steel towers next 
to the center anchorage, on either side, are built higher than those near 
the island and San Francisco shores, respectively. The center ones rise 
019 feet above the water, and those near the shores rise to a height of 
474 feet. Upon viewing the towers this is quite apparent, particularly so 
as the lower cross bracing members rise at a much steeper pitch on the 
tall towers. 


Since the crown raises the bridge higher near the center, the verti- 
cal clearances vary at different points. The distance from the surface of 
the water to the bottom of the stiffening truss under the center spans is 
200 feet, while the vertical clearance near the center anchorage is 216 
feet. During an extremely low tide the distance would of course be 
greater. This vertical clearance will permit practically any ship in the 
world to pass under it, as there are only a very few of the largest liners 
with a mast height of over 200 feet. All Naval vessels have a mast 
height adjustable to clear the Brooklyn Bridge in passing up the river to 
the Brooklyn Navy Yard, and that bridge has a vertical clearance of only 
135 feet. 


The East Crossing, at the bottom of this plate shows the Bridge struc- 
ture as consisting of rigid steel construction. The main feature of this 
crossing is the cantilever span, adjacent to, and immediately east of the 
island shore. The horizontal clearance between its two center piers is 
1400 feet, and the vertical clearance above high water level is 185 feet. 
The side spans of the cantilever measure 510 feet, and the five smaller 
trusses vary from 509 to 531 feet between piers. To the east of these, 
there are 14 flat truss spans of approximately 291 feet each. As the 
water to the east of the island is deepest near its shore, the ship channel 
requires that vessels of any size pass under the cantilever span. Im- 
mediately to the right of the cantilever span, the bridge slopes downward 
at a grade of approximately 3%, reaching the ground level at the ex- 
treme right, and landing there on a rock fill that carries the roadways 
onto the east bay approaches. 
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PLATE III 


The upper half of Plate III represents a profile, or cross section of 
the underlying strata beneath the waters of the West Crossing, and the 
lower half, a profile of the East Crossing. Although these profiles show 
the foundation piers in place, they were plotted and made up prior to 
the commencement of actual work on the piers. It was not practical to 


make up final plans for the bridge until it was determined whether the 
locations chosen for the pier sites would support the weight coming up- 
on the stratum at those points. Hence, the making up of these drawings, 
or profiles, was one of the very first preliminary steps taken before 
even the plans for the bridge were worked up into their final form. Had 
these profiles indicated unfavorable foundation conditions, it would have 
been necessary to find other sites for the piers, with a possible revision 
in the bridge plans in order to adapt them to the alternate sites chosen. 
One of the early reports, made prior to the plotting of these profiles, 
stated that the difficulties of sinking foundations at the present site of 
the bridge were insurmountable. Test borings subsequently made, and 
plotted as shown in this drawing, proved that the difficulties presented 
could be overcome. 


Test borings are made from a barge that has been towed out to the 
proposed site of a pier, and securely anchored there. This barge is 
equipped with a rock drill, together with the necessary machinery and 
equipment to operate it. A large pipe, or tube, is lowered vertically into 
the water until it reaches the bottom of the bay. The rock drill, which 
consists of a cylindrical cutting head, screwed onto the lower end of a 
hollow tube, smaller in diameter than the pipe, is lowered down inside 
of the latter. The bottom edge of this cutting head is studded with 
diamonds, so that as it is rotated, it will cut downward into even the 
hardest of rock. Being hollow, this drill cuts out a cylindrical core, not 
unlike the cutting of a bride’s biscuits from the dough, except that it is 
much softer. The vertical length of this core, when brought to the sur- 
face, is carefully entered in the field notes, or drilling log, kept on board 
the barge. The nature and characteristics of the core is also noted, and 
from these field notes of several different test borings, a fairly accurate 
profile can be plotted of the strata underlying the floor of the bay. The 
drawings indicate how the depth at which bed rock was found under 
each pier was carefully predetermined. 


The profile for the West Crossing indicates the strata as being “com- 
posite,” as all the piers were sunk to bed rock. For the East Crossing 
the components of the strata are shown in detail, as bed rock was en- 
countered at too great a depth to make it practical to sink a pier clear 
down to it. The key at the upper left of the plate shows the approximate 
character of the strata encountered. To bring out the detail more clearly, 
the vertical scale of the drawing is larger than the horizontal scale, and 
by referring back to Plate II, an approximation of the proportions exist- 
ing between the bridge, piers, and depths to bed rock, may be had. 


Beginning at the left of the West Crossing, the San Francisco an- 
chorage is shown, is on dry land, and ordinary excavation methods were 
employed to reach bed rock at that point. The two little inverted T 
shaped piers, next, to the right, support the stiffening truss after it 
leaves the cable, and before it reaches the top of the anchorage. They 
straddle Main Street. Beginning with the next pier, to the right, each 
plier is given a number, and which is shown below it on the drawing. The 
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prefix W was used to designate the piers of the West Crossing. 


Pier W-1 is located on made ground, and was sunk to bed rock by 
means of an open cofferdam of sheet piling, a device more fully described 
later on. Some difficulty was encountered here with a number of timber 
piles that formed part of an old steamship dock, long since covered over 
with filled in ground. They had to be cut off and removed as the coffer- 
dam was sunk downwards. 


Pier W-2 is located at the outer end of a steamship dock, leading off 
the Embarcadero, San Francisco’s waterfront. All operations employed 
in sinking Pier W-2 were carried out from the outer end of this dock. 
The pier site was first excavated by open dredging. A timber frame, 
previously constructed to size, 56 by 112 feet, was towed to the pier site 
and sunk by weighting it down. As the site was along side the dock end, 
little difficulty was experienced in placing it in the correct position. Sheet 
piling was then driven all around the edge of this submerged frame, to 
bed rock, 80 feet below the surface. When completed, this sheet piling 
formed a rectangular steel box, open at the top. The inside of this box. 
or cofferdam, was then excavated by dredging with a clamshell bucket 
until all the mud and sand was removed. The rock bottom was then 
cleaned by means of water jets, and a diver sent down inside to inspect 
this bottom. 


Concrete was then poured into the interior of the cofferdam by lower- 
ing a dump bucket to the bottom. A catch was released, and the con- 
crete flowed out from the bottom of the bucket. In this manner the con- 
crete was deposited on the bottom without being dispersed in the water, 
and no difficulty was experienced, as concrete will set under water if its 
mass is not dispersed. The concrete was built up solid from the bottom, 
displacing the water in the cofferdam as it rose. Upon reaching a level 
9 feet from the surface, the cofferdam was pumped dry, and the balance 
of the concrete was poured in the “dry.” The top of this pier was carried 
to a height of 40 feet above water level, and forms the base for abs steel 
tower. 


Piers W-3, W-4, W-5 and W-6 are cellular in structure, and were alii 
by means of a specially designed caisson, which will be shown in detail 
later on. Immediately below the profile is shown the plan of these piers, 
looking down, and drawn to a larger scale for clearness. The cellular 
character of their structure will be noted, as distinguished from the solid 
form of Piers W-1 and W-2. Each cell, 15 feet in diameter, is cylindrical 
in shape, and were designated as dredging wells during their course of 
construction. Pier W-3 consists of 28 dredging wells, as does Pier W-6. 
As bed rock was reached at a depth of 105 feet under Pier W- 5, one row 
of wells were omitted, and it only contains 21 dredging wells. Pier W-4, 
which supports the center anchorage, contains 55 dredging wells. Its 
longest dimension runs parallel with the axis of the bridge, whereas the 
other piers lie across this axis. However, as the towers are taller than 
the anchorage pier, and have a decided taper up from their bases, a line 
drawn at the center of the cable locations will fall well within the outer 
edge on each side of this center pier. Its longer axis was placed parallel 
with the cable axes, in order to take care of the pull coming on the 
cables. 

Although the depth of water at Pier W-2 is only 50 feet, and increases 
but silghtly by the time Pier W-3 is reached, this latter pier was sunk 
the deepest of any in the West Crossing, reaching bed rock at approxi- 
mately 220 feet below water level. Pier W-5, on the other hand is lo- 
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cated in much deeper water, but reached bed rock at a depth of only 105 
feet. At Pier W-6 the water is 105 feet deep, although bed rock was 
found at a less depth than at Pier W-3. At Pier W-4, bed rock is 180 feet 
below water level. 


The underlying strata in the East Crossing profile is shown in detail, 
as the piers in this crossing were not carried down to bed rock. The 
rock line slopes sharply downward from the island shore, and reaches a 
depth of 290 feet under Pier E-3, although this line is shown as passing 
under the pier at the bottom edge of the drawing for clearness. The true 
scale would show it much lower at this point. Even though the difficul- 
ties of sinking a caisson to this enormous depth might be overcome, it 
would be impractical to send a diver down to such a depth to inspect the 
bottom prior to pouring the concrete inside of the caisson. A stratum 
was found, however, at the 240 foot level that was capable of supporting 
the weight of the pier, and it was decided to land this pier on this 
stratum. 


Pier E-1, not shown, is inshore, and is built on the dry land of the 
island. Pier E-2 is at the water’s edge on the shore line, and owing to 
the slope of the rock line at this point, it was necessary to go down to 
a depth of 45 feet below water level to secure the necessary bond with 
the rock on which it sets. Like Pier W-2 of the West Crossing, the con- 
crete of this East Crossing pier, E-2, was poured solid, in an open coffer- 
dam. 


Piers E-2 and E-3 support the weight, or downward thrust of the 
cantilever span of this crossing, and consequently support a greater load 
than any of the other piers in the East Crossing. Pier E-4, next to the 
right, supports the offshore end of the cantilever span. As explained 
later, it is necessary for this pier to serve as an anchor, as well as a 
support for the end of the cantilever. It, therefore, is larger than the 
next pier, E-5, to the east. Pier E-1, inshore on the island, serves as an 
anchor for the inshore end of the cantilever, in the same manner as Pier 
E-4 does offshore. Pier E-5 supports one end of the first of the five small 
truss spans. Although it does not support any more weight than the 
piers on which the other four small truss spans rest, a stratum firm 
enough to support E-5 is not found at such a shallow depth as is found 
under the other four piers. Hence, it was sunk to the same depth as E-4, 
or 180 feet. In other words, the strata that is capable of supporting the 
loads of the various piers, is found at snaOWwer depths, progressively 
towards the east. 


Beginning with Pier E-6, and continuing east to the Oakland shore. 
a different type of foundation was sunk for the piers, which is described 
in detail later. As shown, timber piling, extends below the concrete from- 
ing the base of these piers. 


The plan of the piers is shown above them in this crossing, those 
sunk with a caisson being cellular in cross section, and those sunk in an 
open cofferdam being solid. Pier E-9, at the end of the 5 small truss 
Spans, is larger, and takes the horizontal thrust of the preceding spans 
at this point. With minor variations, Piers E-12 to E-23 inclusive, are 
practically the same; and a gap is made in the drawing, omitting Piers 
K-12 to E-21, inclusive. To accomodate the downward slope of the bridge 
near the east end, the concrete at the tops of the piers is stepped down, 
progressively, as is the steel towers before reaching these last 7, all con- 
crete piers. The total number of piers for the entire bridge, exclusive of 
approaches, is 51, 44 of which are underwater foundations. 
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PLATE IV 


Figure 1 is a cross section of one of the caissons used in sinking the 
West Crossing foundation piers. Unlike a cofferdam, which is built, or 
driven down, above the site of a foundation pier, a caisson is a structure 
that is built at some distant point, floated, or launched into the water, 
and then towed to the site of the pier. Its function is to permit of the 
excavating of the mud and waste material inside its confines while ex- 


cluding that on the outside, serves as a form for the pouring of the con- 
crete, is capable of being sunk downward vertically as the excavating 
proceeds, and permits all of this to be carried out under the surface of 
the water. The design of these caissons is original, and were developed 
especially for this bridge. 


Figure 1 shows the caisson afloat, and as it appeared when towed 
out to the pier site. It consists of a series of vertical steel cylinders, held 
apart by a steel frame, the space in between the cylinders forming hol- 
low legs. The lower ends of these hollow legs are closed in at the 
bottom, and remain open at the top. The steel frame is inside these 
hollow legs, and is indicated by horizontal I beams. The vertical cylin- 
ders are open at the bottom, and are closed at the top by means of steel 
domes. The horizontal lines in the cylinders represent welded joints, but 
they are cpen for their entire height. The domes, at the top, traps the 
air inside the cylinders, between them and the surface of the water. 
Enough concrete is poured into the hollow legs to cause the entire struc- 
ture to sink into the water to a predetermined depth. The entrapped air 
inside the cylinders gives a definite amount of bouyancy to the entire 
structure, and the displacement factor follows the same laws of physics 
that applies to any other floating vessel, such as a ship. 


The caisson shown in Figure 1 measures approximately 75 feet across 
and four cylinders are placed crosswise, as shown. In the longitudinal 
direction, 7 rows of cylinders are placed, the caisson length measuring 
127 feet. As there are 7 rows of four cylinders each, there is a total of 
28 cylinders in this caisson, and represents the size of the two caissons 
sunk at Pier W-3 and W-6, respectively. The caisson for Pier W-4 con- 
tained 11 rows of 5 cylinders each, or a total of 55 cylinders; it measured 
92 by 197 feet, and is the largest caisson of a similar type ever con- 
structed. The caisson for Pier W-5 contains 7 rows of 3 cylinders each, 
or a total of 21, and measured 57x127 feet. All cylinders were 15 feet in 
diameter, and were made up in 20 foot vertical sections ashore, and were 
then barged out to the caissons as sinking operations proceeded. 


Despite the size of these caissons and their favorable dimensions for 
ease of floating in an upright position, there was nevertheless a danger 
of their tipping over, or capsizing. To maintain the stability of the cais- 
son in the water, and keep it on an even keel, compressed air was sup- 
plied to the interior of the cylinders by means of a connection at the top 
of the domes. To prevent the caisson from listing, or tipping, the air 
pressure in the cylinders on one side or the other could be increased or 
diminished, and the caisson brought back to an even keel, much the same 
as cargo is shifted in the hold of a ship to bring it to an even keel. 


Figure 3 represents the caisson during the course of construction, on 
ship ways, and from which it was subsequently launched in the same 
manner as a ship. A rectangular steel frame was laid down, and steel 
sides built up until it resembled a huge box, as shown. The first, or bot- 
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tom course of the steel cylinders, are called adapters on account of the 
fact that they are square in section at the bottom, and are adapted to 
the cylindrical form at the top. The purpose of flaring these cylinders 
out at the bottom was to allow them to take a square sectional shape, 
30 that horizontal steel members could be placed across the width and 
length of this structure and thus give it more strength. The outside 
bottom edge of this rectangular box forms what is termed a cutting 
edge, and permits the caisson to cut into the surrounding soil as it sinks 
downward. As shown in Figure 3, the caisson is ready to be launched, 


after which the cylinders, steel framing, and wood sheathing are built up 
to a height of 60 feet; sufficient concrete is poured in to sink it to the 
proper draft, and it is ready for towing out to the pier site. The cutting 
edge, 17 feet high, is built of steel, but from the outside edge of this 17 
foot level up, the outside rectangular portion of the caisson is formed of 
wood sheathing. 


Before commencing sinking operations on the caisson shown in Figure 
1, it is securely anchored in the correct position, determined by taking 
sights through a surveyors transit. The caisson is fastened to the an- 
chors by means of block and tackle lines leading to its lower edge, and 
these lines are brought up along the sides of the caisson to the top, 
where this tackle can be worked by means of hand winches. The method 
of anchoring the caisson is illustrated in Figure 2. The sinking opera- 
tions are commenced by pouring concrete into the hollow legs and re- 
leasing a certain amount of air pressure from the cylinders. 


When the top of the caisson is lowered down to a point near the sur- 
face of the water, the steel frame work is built up to a new height, and 
additional sections are welded on to the tops of the cylinders after first 
removing the domes. To maintain the bouyancy of the caisson during 
this operation, only a few domes are removed at a time, and then welded 
back on top of the new cylinder sections before a new batch of domes are 
removed. This operation is repeated until all of the cylinders have been 
raised to a new height, and the welding operations so scheduled in a 
symmetrical manner that the caisson is kept on an even keel. Should 
the caisson shift in any direction, the winches are worked until it is 
brought back to the proper position. 


Figure 4 illustrates the caisson with the new sections of cylinders all 
in place, the steel frame up to a new height, and the wood sheathing be- 
ing bolted in place. The vertical sheathing, consisting of 10 inch planks, 
is bolted to the steel frame and faces inwards, and the 4 inch outside 
sheathing is bolted on the outside of this in a diagonal direction, to give the 
structure strength. The end joints of the vertical sheathing are broken 
at every other horizontal member of the frame. The diagonal sheathing 
is first creosoted for protection against teredo (barnacle) attack, and is 
beveled on the edges. After being bolted on, it is calked with oakum to 
render the caisson water tight. At the same time reinforcing bars for 
the concrete are placed; the frame itself playing no little part as a re- 
inforcing medium. 


As the new height of sheathing reaches the top of the frame, con- 
crete is again poured around the cylinders, and the caisson again sunk to 
a new level. This cycle of operations is repeated until the caisson reaches 
the mud line. Figure 2 illustrates the caisson as its cutting edges have 
just reached the mud line. 
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PLATE V 


This plate illustrates the sinking operation after the caisson has 
passed down into the mud and sand. The upper part of the drawing is 
a plan, or top view, looking down, and the lower part, a section of the 
caisson, together with the working docks. These working docks were 
erected prior to the towing of the caisson to the pier site, and were 
omitted from the drawings of the previous plate for clearness. However, 
even before the caisson was sunk to the mud line, these docks played an 
important part, as the derricks were a necessary part of the equipment 


required in hoisting the material into place while the caissons were being 
built up. In constructing these docks, steel cylinders were sunk into the 
mud vertically, and piling driven down inside of them. They were then 
filled with concrete, and the timber framing of the docks for supporting 
the derricks, built on top of thern. As the caisson was towed into posi- 
tion between these two docks, a timber fender was placed across the 
open end to protect the caisson from being rammed, which, incidentally 
formed a walkway for the construction crews, while placing the sheath- 
ing. 


The tide at the pier locations sometimes attains a velocity of 71% 
miles per hour, hence the anchoring of the caissons offered an unusual 
problem. It has already been explained in Plate IV how these anchors 
were fastened to the lower part of the caisson, and brought up to the 
handling winches at the top. The top view of Plate V illustrates the 
manner in which these anchors were placed around the four sides of the 
caisson. Actually, at Pier W-3, there were 4 anchors, weighing 18 tons 
each, attached to each end of the caisson, two 25 ton anchors attached 
to each side, and one 25 ton anchor to each of the four corners, making 
a total of 16 anchors in all. The anchors were made of concrete, and the 
25 ton anchors measured 9 feet 5 inches from the end of the shank to 
the point, and when lying flat measured 8 feet 10 inches high. They 
were placed on a derrick barge and towed to their various sinking loca- 
tions, from 250 to 300 feet out from the caisson, and lowered down into 
the water. Pipes with water jets were built into the anchors, so that by 
connecting a high pressure hose from the barge to these pipes, the water 
jets washed the mud out from under the anchors and they sank down 
below the top surface of the mud, thus obtaining a better purchase. The 
small ones were designed to resist a pull of 100 tons, and the larger ones 
to resist a pull of 125 tons. Divers unfastened the jetting hose and kept 
the tackle from becoming fouled as it was led over to the caisson. Only 
two anchors and four sets of tackle are shown in the drawing. 


The vertical section of Plate V shows the manner in which dredging 
operations are carried out. By means of the derricks mounted on the 
working docks, clamshell buckets were lowered into the various dredg- 
ing wells to the bottom, where they scooped up the mud and soil, and 
were then hoisted to the top. As no obstruction to navigation was in- 
volved, permission was granted by the harbor authorities to dump this 
waste material overboard from the derricks, hence it was unnecessary 
to carry it away in barges. As shown, the domes are removed from 
those dredging wells in which the clamshell buckets are working. A 
sufficient number of these domes were kept in place to maintain the 
bouyancy of the caisson until the dredging was completed under the 
entire area at the bottom, a new lot being removed only after the first 
lot had been replaced. After the excavation reached a certain depth, the 
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caisson was permitted to sink into the new cavity thus created, by 
diminishing the air pressure in the wells. 


As the caisson was water tight, the level of the water inside the 
dredging welis became lower as the dredging proceeded downward. If 
the water level became too low, the pressure outside the caisson forced 
mud up under the bottom and into the wells. This flow of mud from the 
outside was undesirable as it would cause the caisson to settle unevenly 
and throw it out of plumb. Water was therefore pumped into the cais- 
sons to such a height, that its own weight would equalize the pressure 
coming up from the bottom, and the air pressure was adjusted accord- 


ingly. 


When dredging had proceeded to a certain depth below the bottom, 
new sections of cylinders were added on top of the dredging wells, the 
framing and sheathing carried up to a new height, and a new batch of 
concrete poured into the hollow legs. This being completed, the air pres- 
sure inside the wells was diminished, and the caisson again sunk to a new 
level. This cycle of operations is the same as that used in sinking the 
caisson to the mud line, except that the dredging operation has been add- 
ed. The vertical section of the caisson is taken at the middle of the dredg- 
ing well diameter, and the hollow legs appear to be rather slender, giving 
the caisson an appearance of being too light. However, by referring to the 
top view of this drawing, it will be seen that the concrete around the out- 
side of the dredging wells occupies half the area, to which must be added 
the weight of the steel framing, the steel cylinders, the concrete reinforc- 
ing bars, and the sheathing. Altogether, the caisson was extremely heavy. 
and no difficulty was experienced in causing it to sink when the air pres- 
sure was diminished. This top view only shows three and one half rows 
of the dredging wells, and were the drawing repeated symmetrically on 
the other side of the top border, the entire 28 dredging wells would be 
shown. 


This cycle of operations was continued until the cutting edge of the 
caisson was landed on bedrock. As the cutting edge penetrated the soil 
during the sinking, the sides of the excavation were neatly formed to the 
exact outside dimensions of the caisson, and the caisson was literally 
fitted to a rectangular hole, vertically true, and extending down from the 
floor of the bay to the underlying bed rock. When bed rock is reached the 
wells are cleaned out, a diver sent down to inspect the bottom, and con- 
crete poured into the inside of the wells a vertical distance of 30 feet. 
This forms a seal that bonds the pier to the surface of the rock. 


This description of the caisson applies to all four of the West Crossing 
caissons, sunk at Piers W-3, W-4, W-5 and W-6, except that they varied in 
size, as previously noted. Two derricks were used at Pier W-3, and four 
at Pier W-4. At Pier W-6 the 105 foot depth of water made it impractical 
to erect working docks, hence floating derricks were used at this pier. 
They were subsequently moved and used at Pier W-5, as this latter pier 
had a much later completion date scheduled. By sinking the caissons at 
these two piers alternately in this manner, the cost of two additional 
docks were saved. Although this idea of using closed top dredging wells 
under air pressure had been patented many years ago, this is the first 
time this particular type and design of caisson has been used on a major 
project. During sinking operations, a very firm soil was encountered 
under one side of Caisson W-6 that caused it to list over to the opposite 
side. Water jetting was resorted to to wash this soil into the dredging 
wells, and further dredging caused the caisson to again right itself. 
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PLATE VI 


This plate illustrates the type of pier construction employed for the 
East Crossing. As explained under Plate III, the foundation factors ob- 
taining east of Yerba Buena Island were entirely different from those ob- 
taining in the West Crossing. In that crossing, the caissons were sunk to 
bed rock, capable of supporting unlimited loads, and the weight of the 
caisson was not a limiting factor in its design. In the East Crossing, how- 
ever, the piers were not carried to bed rock, and the weight of the pier 
itself had to be considered as well as the weight of the bridge which it 
supports. Therefore, the caissons were lighter in weight than those of the 
West Crossing. 


Figure 1 illustrates the bottom part of the caisson used at Pier E-3, 
just after launching. It is companionate with the bottom part of the West 
Crossing caisson shown in Figure 3, Plate IV. The solid black portions 
represent the space in between the walls just above the cutting edge, and 
were subsequently nlled with concrete. These spaces correspond to the 
hollow legs of the West Crossing caissons. As the dredging wells of this 
East Crossing caisson are square in section, the proportion of the total 
area filled with concrete is much less than the area occuring between the 
cylindrical wells, hence the finished pier will contain less concrete and not 
exert so much weight on the stratum on which it rests. 


In addition to being lighter in weight, this caisson is entirely different 
in design than those of the West Crossing. The tops of the dredging 
wells are open at all times, and compressed air cannot be employed to 
control its buoyancy. Like the West Crossing caissons the hollow legs are 
closed at the bottom, and to obtain enough buoyancy to keep this caisson 
afloat while being sunk to the mud line, false bottoms were constructed at 
the bottoms of the dredging wells, prior to its launching. This caisson 
was towed out to the pier site, and sunk in a manner similar to that de- 
_ scribed in Plate IV. However, there were no domes placed on top of the 
dredging wells, and instead of building it up by adding cylinder sections, 
flat steel panel forms were placed, between which the concrete was 
poured. There was no steel framing used, and the reinforcing for the con- 
crete consisted entirely of the regulation reinforcing bars. 


Figure 2 illustrates the details of the false bottom, constructed at the 
bottom of one of the corner wells, which is repeated for each one of the 
entire 28 wells. The drawing in the upper right of this Figure 2 is the 
plan, looking down from above, and underneath this is a sectional view. 
The drawing to the left is also a sectional view, taken at right angles to 
the one shown at the bottom. The floor planking is attached to the under- 
side of two cross beams, and the sectional view at the left shows how 
these two cross beams are held in place by diagonal braces at each end. 
Between the bottom ends of these diagonal braces, some blocks are se- 
curely fastened down, which hold the braces in place. A loop of wire rope 
is passed through holes in these blocks, and looped over the cross bars 
above them, so that at the proper time the derrick will have no difficulty 
in engaging it. The drawing shows the hook in place for clearness, but 
actually this hook does not take this position until it is time to pull up 
the false bottoms. Under the blocks and cross pieces are two saw cuts, as 
shown, which indicates how the planking is cut prior to placing it in posi- 
tion, and which permits the floor to break free when the blocking and 
braces are pulled loose. All members of this timber false bottom are se- 
curely fastened to wire ropes, with enough slack between members that 
each part is pulled loose progressively after the one above it comes clear. 
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PLATE VI 


This pulling of the false bottoms is effected shortly after the caissor 
has sunk into the mud a few feet, and as it is pulled clear, the mud natur- 
ally flows up into the wells a short distance. The false bottom is pulled 
from one well at a time, and pulling operations scheduled symmetrically 
to prevent the caisson from listing. In spite of the precautions taken, it 
was found that the mud was softer under one corner than under the rest 
of the caisson, and this corner settled somewhat faster than the rest, 
causing the caisson to list over towards this corner. It was righted by exca- 
vating on the opposite corner, and by the manipulation of the anchors. 
Although these anchors served the same purpose as those described for 
the West Crossing, they were much smaller, and were sunk into the mud 
by driving a pile down on top of them. They were fastened to the fender, 
and their pull transferred to the caisson by means of blocks fastened in- 
side the fender. 


The plan view shows a series of I beams fixed in the hollow legs, 
which represents the steel framing that forms the bottom, or cutting edge 
of the caisson. The intersections of the cross walls are covered over by a 
square plate which serves as bracing. These show as white squares in 
Figure 1. The cutting edges are indicated as being filled with concrete. 
The outside wall above this cutting edge is built of timber, while the in- 
side walls are formed by pouring the concrete in between flat steel forms. 
As this caisson was much lighter in weight, considerable skin friction de- 
veloped between the outside wall and the surrounding mud. This was 
overcome by jetting water at high pressure, through nozzles built inside 
of the caisson, near the cutting edge. The adhering soil was thus washed 
away, or loosened, and permitted the caisson to sink as it was loaded fur- 
ther with concrete. Dredging was carried on inside of the wells in the 
same manner as was described for the West Crossing caissons. 


Figure 3 represents a sectional view of the finished pier. When the 
caisson had been sunk to the required depth, 235 feet for Pier E-3, the 
center wells were dredged an additional 15 feet, and concrete was then 
poured inside of these center wells. The balance of the wells were cleaned 
out at the bottom, and the seal completed by concreting in them. Al- 
though not shown in the drawing, this particular seal at the bottom has 
a ridge, or plug, running down below the rest of the seal, and forms a key 
with the underlying stratum. 


At the bottom of the drawing in Figure 3 is shown a sectional plan of 
the caisson, which clearly indicates the square section of the dredging 
wells. It will also be noted that the area of concrete is not near as great 
as it is for the caisson employing cylindrical wells, in the West Crossing. 
The foregoing description covers the caisson sunk at Pier E-3, and meas- 
ured 80 x 13414 feet. This description applies also to the caissons sunk at 
Piers E-4 and E-5, except that these two were smaller, measuring 60 x 
9014 feet, and were sunk to a depth of 180 feet. These two caissons con- 
tained only 15 dredging wells each, whereas E-3 contained 28. 


Figure 4 illustrates the details of construction of the remaining 17 
piers of the East Crossing, beginning with Pier E-6. The top is a section- 
al plan view, and the bottom a sectional elevation. These piers were con- 
structed inside of what is known as a cofferdam, which is simply a large 
rectangular box, open at the top. The first step was to dredge the pier 
site to a depth of 25 feet, after which temporary piling was driven around 
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this excavation. To this piling and falsework was fastened a vertical 
frame of steel, which served as a guide for the sheet piling as it was 
driven down into the mud. This sheet piling consists of flat lengths of 


steel, the edges of which are grooved, so that the groove of one pile will 
interlock with the groove of the adjacent pile. The heavy, black lined, in- 
set in the center of the plan view, illustrates a sectional view of this sheet 
piling. The bottom of the second pile is hoisted above the top of the pile 
already in place, and the grooves interlocked by sliding the groove of the 
top pile down inside the groove of the lower pile. The small staggered 
lines around the outside edge of this plan view illustrates the position of 
the sheet piling when driven. 


This inset also illustrates how every fourth pile is bolted to a heavy I 
beam on the outside, and an angle iron on the inside. A block of wood 
is interposed next to the angle iron so it will clear the grooves of the 
pile, and this angle iron supports a platform and the machinery used in 
constructing the pier. This sheet piling is driven down vertically along- 
side the guide frame to insure of its being kept plumb. This I beam at 
every fourth pile constitutes the unusual feature of this cofferdam, as it 
imparts enough stiffness to the cofferdam that no bracing is necessary 
below the surface of the water. The ordinary cofferdam has to be shored 
inside with cross timbers, so that the pressure of the mud and water out- 
side will not cause it to collapse. As the concrete work progresses, this 
cross bracing has to be relocated, and entails considerable labor. This 
cofferdam shown, is clear of obstructions on the inside. The elevation 
shows one of these I beams on either side, and the manner in which they 
are tied together at the top by a cross angle iron. The sheet piling was 72 
feet long, from top to bottom. 


After the cofferdam is completed, dredging is carried out inside of it. 
When the predetermined depth is reached, the sides are cleaned by jet- 
ting. Eighty foot fir piles are then driven down into the mud inside the 
cofferdam. Around the tops of these piles, and on the bottom of the cof- 
ferdam, there is placed a blanket of clean gravel. On top of this gravel is 
placed a thick layer of concrete, which encompasses the tops of the piles 
and forms a foundation mat. This mat forms the seal, and after allowing 
a week for it to set, the water is pumped out of the cofferdam. This con- 
crete seal was poured by means of tremie pipes, led down from a hopper 
of concrete, mounted on top of the cofferdam. These tremie pipes have a 
temporary plug inserted in their lower ends, the pipe is lowered to the 
bottom of the cofferdam, and charged with concrete from above. By sud- 
denly hoisting the tremie pipe, the plug is dislodged, and the concrete 
runs out onto the bottom in a solid mass, which prevents it from being 
dispersed in the water. 


After being pumped dry, workmen are sent down inside the cofferdam 
to build the forms for the pier, the concrete for which is poured in the 
“dry.” These piers are built hollow, or cellular in plan, in order to keep 
their weight at a minimum. Holding down bolts for the steel work are 
placed at the top of the pier just prior to pouring the final lift of concrete, 
but are not shown here. After completion of the piers, the sheet piling 
around the outside is pulled up, but is first driven down a few inches in 
order to break it loose from the sides of the concrete seal. 
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PLATE VII 


Figure 1 illustrates a sectional elevation of the piers of the West 
Crossing, with a sectional plan below. The elevation is shown broken 


away near the middle, and shows in perspective how a section of half the 
length of the pier would appear. It particularly brings out the relation- 


ship of the bulk of the concrete, as compared to the area of the dredging 
wells, and corrects any erroneous impression gained from the vertical sec- 
tion that the hollow legs are too slender to support the load of the bridge. 
A like perspective of the East Crossing caissons would show a similar ef- 
fect, except that the wells are square in section and the concrete would 
bulk less than with the round wells. The steel cylinders are left in place, 
and holes are left near the surface to permit the free flow of tidal water 
intc the dredging wells. The water inside the wells adds to the firmness 
of the structure. The holding down bolts for the steel work are shown in 
place near the top of the pier. 


Hanging down into the water on either side of the pier, is shown a 
sectional view of the fender, which forms part of the pier. This concrete 


arm is cantilevered from the pier proper, and to this arm is bolted a tim- 
ber fender. The proportions and bulk of the pier are of such a size that 
there is no possibility of a ship shearing off the pier upon striking it. In 
other words, all the damage would be inflicted upon the ship. Therefore, 
this fender was so designed that a minimum of damage would be inflicted, 
it being placed at such a height that an ordinary blow would be taken 
care of by the timber members. Should the blow be of sufficient strength 
that the timber would not ward it off, the concrete would take the blow; 
and if the hull of the ship were punctured, this would occur above the 
water line and thus remove the possibility of the ship sinking. 


This completes the descriptions of the piers proper, as with the hold- 
ing down bolts in place, the pier is ready to receive the steel work of the 
towers. However, at Pier W-4 the concrete work is carried above the level 
of that of the other piers, in order to form the center anchorage. Figure 
2 illustrates the completed center anchorage, rising 29814 feet above the 
surface of the water. The cables are also shown in place, and the com- 
pleted stiffening truss, or double deck of the bridge, is shown at the 
right, to indicate the level at which it lands on the center anchorage. 
The under side of the stiffening truss shows the diagonal bracing at the 
bottom, which consists of horizontal steel girders running from the sides 
to a V in the center of the truss floor. This diagonal bracing is known as 
the wind bracing, as it stiffens the truss against the action of the wind 
blowing against its sides. 


No stiffening truss is shown at the left, in order to illustrate how the 
cables come down into the top of the anchorage. Actually, the stiffening 
truss is erected symmetrically on both sides of the vertical towers, in order 
that one side will not be loaded more than the other during erection, and 
consequently set up a one sided strain. There is shown a yoke attached 
to the cables just before they pass into the anchorage, that passes verti- 
cally down into the anchorage. This yoke actually takes a different form, 
shown in detail in Plate XXI, but is shown here in this manner that a 
clearer conception might be gained of how the cables are kept from being 
pulled upward from the lifting strain coming from the towers. This up- 
ward resisting force, as well as the manner in which the cables are fas- 
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PLATE VII 


tened inside of the anchorage are explained in detail later on. 


Figure 3 illustrates the manner in which the steel towers were erect- 
ed; that shown in the drawing being Pier W-2, located at the end of the 
steamship dock. There was first erected a stiff leg derrick between the 
tower bases, with the boom overhanging the water. The steel for the tow- 
ers was fabricated at an eastern mill, and fitted together in a horizontal 
position by bolting the different sections together. This fitting together of 
the various sections was very important, as when actually erected in its 
final position, it was necessary that one section could be set on top of the 
other without difficulty, while suspended in mid air. When completed, the 
sections were unbolted and shipped to Oakland. These steel sections were 
seasoned by exposing them in the open air for a period of months, so that 
a film of rust formed on the surface, which in turn loosened what is 


known as the mill scale, or hard brittle film formed on the surface when 
the steel was rolled. At the end of the seasoning period, the rust and mill 
scale was removed by sand blasting, and the steel immediately given a 
coat of red lead. By first seasoning, and then being sandblasted, the cor- 
rect bonding of the red lead paint to the steel was assured. Red lead for 
years has been considered one of the best rust resisting paints. A second 
coat is applied after the towers are erected, darkened up a little to betray 
any holidays left in the first coat. Specifications call for a final coat of 
black paint. 


After the steel has been painted with this first coat of red lead it is 
loaded a few sections at a time on a barge, and towed to the base of the 
pier. The first section of the tower placed was the cast steel base, 
which was designed with a series of ribs in order to distribute the load 
evenly over the concrete base. These ribs, between which the holding 
down bolts project to receive a nut, are shown at the bottom of the left 
leg in the drawing. There is also a companionate base at the base of the 
right leg, but is obscured by the frame of the stiff leg derrick that passes 
between the legs. The base and first couple of sections are hoisted from 
the barge and set in position by this stiff leg derrick. Next, the hammer 
head cranes, consisting of a vertical girder, with a horizontal girder fas- 
tened to it at the top, are set into place in the hollow center of the tower 
legs. 


These hammer head cranes are an innovation in this type of construc- 
tion, and were used here for the first time. The horizontal girder swivels 
around on top of the vertical column, and are of such length that both 
may be turned toward the center of the pier and still clear one another. 
There is a trolley on top of the horizontal girder that supports the lifting 
cables and sheaves. The wire rope cables pass along the top of this girder 
and downward from the sheaves at the back end, to the pier base, where 
the hoisting engines are located. This arrangement balances the weight 
of the tower sections, when lifted, across the top of the crane. These 
cranes were capable of handling all but a couple of the more heavier sec- 
tions near the base, and to lift these, counter weights were suspended 
from the rear end of the top horizontal girder of the crane. The trolley 
on top can move from the end in, towards the center, so that its lifting 
range extends outward from the vertical column to the end of the hori- 
zontal girder. When the sections of the tower steel were built up to the 
horizontal girder, a lifting tackle was fastened to the top of the tower 
steel already in place, and to the bottom of the crane column. The entire. 
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crane was then hoisted to a new height, where it was secured by lugs in- 
side of the tower leg. No guy wires are necessary as the crane is enclosed 
by the tower steel, and is held in this manner in a rigid vertical position. 


The small inset at the upper right is a sectional view, looking down, of 
one of the legs of the steel tower, which takes the form of a cross, and 
indicates the cellular structure of the steel. Each leg of the cross formed 
a section of the tower leg, so that the steel was set in four parts, one on 
each of the four sides of the hollow square in the center. These separate 
parts, as well as the joints formed where the vertical sections butted to- 
gether, were joined together by splice plates that overlapped on either 
side of the joint. Temporary bolts were inserted in a few of these splice 
plate holes, by the erection crews, to hold the steel work together as it 
was built upwards. Later on, the riveting crews followed up by driving 
hot rivets in all the holes of the splice plates, removing the temporary 
bolts as they did so. The hammer head crane was set in this hollow 
Square at the center of the cross. The longer axis of the cross is parallel 
with the axis of the bridge, and was so designed in order to give the tow- 
er leg a maximum bearing surface in a direction parallel to the pull of the 
cables. The tower legs taper upward from the base of this cross section. 


Figure 4 indicates the appearance of the completed tower. As the last 
of the steel members were set at the top of the tower, one of the hammer 
head cranes was given an extra lift so that it projected above the top of 
the tower. With this hammer head crane, the members of the derrick 
shown at the top of the tower were hoisted into place, and erected there. 
Guy wires from the tops of the tower legs hold it in place in a transverse 


direction, and to secure it in a direction parallel to the bridge axis, it was 
stepped on a horizontal girder, the outer ends of which were guyed by 
running wire ropes down to the intersection of the diagonal cross bracing 
of the tower. After this derrick was erected, it was used to disassemble 
the hammer head cranes and lower them to a barge, by means of which 
they were taken over to the next tower to be erected. One of these der- 
ricks is erected on top of each of the towers, and is used in connection 
with the spinning of the cables. At this stage of the work, the saddles in 
which the cables bear at the top of the tower, are hoisted up, and set in 
position for the spinning operation. 


For cross bracing between the legs ot the tower there is a heavy hori- 
zontal member just above the base, and above this there are diagonal 
members that form two crosses. Immediately above these two lower 
crosses are horizontal members. These horizontal members are at the 
level of the stiffening truss, the lower one being at the level of the bottom 
deck, or roadway, of the bridge, and the upper at the level of the top 
deck. Above these horizontal members are additional diagonal members 
that form three more crosses, the entire tower being topped by a horizon- 
tal member. The saddles are placed in position on top of this upper hori- 
zontal member. In collaboration with the consulting architects engaged 
by the bridge authorities, a grace of line and beauty has been effected in 
these towers that has seldom ever been attained in steel work of this na- 
ture. The concrete work of the anchorages, and various piers, likewise 
comes in for its share of commendation, particularly so in connection 
with the center anchorage shown on this plate. 
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PLATE VIII 


This plate illustrates the first step in the spinning of the cables. At 
the left edge of the drawing is a part of one of the towers representing 
that erected on Pier W-2, near the San Francisco shore. Reversed, it 
could just as well represent the tower on Pier W-6, near the Yerba Buena 
Island shore. In the distance is located the tower on Pier W-3, and be- 
yond that the center anchorage. The small inset drawing illustrates the 
manner in which the first rope was strung across between the two towers. 
The one inch pilot rope, one end of which was secured to the left hand 
tower, was laid on the bottom of the bay as it was unreeled from the tug 
boat that carried it over to the right hand tower. Both ends were then 
hoisted to the tops of their respective towers, and passed over sheaves, 
or pulleys. The left hand end was dropped down and spliced to the end of 
the 214” rope, while the end at the right was dropped down to the drum 
of a hoisting engine. A block and tackle was then attached to the 214” 
rope at the left, and as it was hoisted up, it permitted the pilot rope to 
sag between the two towers. The hoist at the right hand tower then 
reeled in on the pilot rope, lifting the sag between the towers to the po- 
sition shown by the dotted line. A new purchase was taken on the 214” 
rope by the tackle at the left, hoisting it until the rope between the towers 
again sagged down. This operation was repeated until the 214” rope ar- 
rived at the right hand tower, being kept clear of the water at all times. 
Eight ropes are strung across in this manner, 4 on each side, and form the 
supports for the catwalks, located about 3 feet below each cable position. 


The final positions of these wire ropes are determined by sighting 
through a surveyors transit, and checked by other transits, located at 
convenient points, such as on top the hill behind the Yerba Buena Island 
anchorage, Telegraph Hill to the north of the bridge site, and Rincon Hill 
behind the San Francisco anchorage. This is known in the engineering 
profession as triangulation, and the various positions are worked out ac- 
cording to the mathematical laws governing the science of trigonometry. 
Incidentally, the positions of the various piers, anchorages, etc., were lo- 
cated in the same manner, and on account of the large distance between 
the points of triangulation, extreme accuracy was obtained. 


The rope shown is on the south side, and as this view faces east, the 
cable on the left will be designated as the north cable, and that on the 
right, the south cable. In the meantime, while these wire ropes between 
the two towers are being adjusted to their correct position, another set of 
wire ropes are strung between the tower in the distance and the center 
anchorage, which are likewise adjusted to their correct position. Another 
set is also strung between the San Francisco anchorage and Pier W-2, 
so that these wire ropes will form a continuous catwalk from the San 
Francisco anchorage, up over the two towers, and down to the center 
anchorage. 


As there are two distinct suspension bridges, placed end to end, an- 
other set of catwalk ropes are strung from the center anchorage, over the 
other two towers, and down to the anchorage on Yerba Buena Island. 
The ends of the wire ropes are fastened, or clamped, to eye bars previ- 
ously set into the concrete of the anchorage, and below the series of eye 
bars to which the main cables are fastened. The ends on top of the tow- 
ers are also fastened to eye bars previously set to the position of the sad- 
dles. These wire ropes on which the catwalks are supported are 214 inches 
in diameter, and are later used for the suspender ropes, described under 
Plate XVIII. 
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PLATE ix 

This plate illustrates the methods employed in fabricating the cat- 
walks after the four wire ropes are strung over each leg of the tower, as 
explained in the previous plate. The catwalks consist of a series of wood 
timbers on the top of which is stretched a wire mesh screen. Ten of these 
timbers are laid in a frame on the ground at 10 foot intervals, the wire 
mesh is stretched across the tops of the timbers, and then securely stapled 
to the latter. Four sets of bolt holes are drilled down through these tim- 
bers at a spacing that corresponds to the position of the four wire ropes 
on which the walk is to be supported. Four oak clamps are then fastened 
down on top of each timber by two bolts, astraddle of each rope position, 
and pass down through both clamp and timber.. This section is then lifted 
out of the frame and pushed together with the timbers all on the bottom, 
and the wire mesh above them is bundled up like a carpet. 


The drawing shows a bundle of these catwalk sections being hoisted 
up by the derrick, in the lower left hand corner. The inset in the upper 
right hand corner shows how they are clamped to the ropes. A working 
platform, or bird cage arrangement, is fastened to the underside of the 
catwalk ropes near each leg of the tower, and the derrick lands the cat- 
walk sections on them. The first timber of the bundle is pushed out at the 
lower end of this bird cage until it comes under the ropes. The bolts are 
removed from the four oak clamps, which are placed in position on top of 
the ropes, and the bolts again pushed down through the timbers. A metal 
strip spanning the two bolts is placed on under the timber, and the nuts 
replaced on the bolts. This first timber, with the wire mesh screen attach- 
ed is then pulled along the ropes with a suitable tackle until the second 
timber comes into position under the ropes. This is then clamped 
to the ropes in the same manner as the first timber was clamped. When 
the entire section of catwalk has been pulled out along the ropes, another 
bundle is hoisted up to the bird cage, fastened to the last timber of the 
first section, and the entire operation is repeated. This operation is con- 
tinued until the wire mesh catwalk has been pulled clear out across the 
ropes to the towers at the opposite end of the span. 


The wire mesh originally placed on these catwalk sections is very 
heavy and of a rather coarse mesh. On top of this is laid another wire 
screen of a finer mesh so that there will be no danger of dropping small 
tools, bolts, etc., down on passing boats. On the ends of the timbers and 
outside of the outer ropes, vertical posts are bolted, and a small rope 
strung along their tops to form a hand railing. The fine mesh on the 
outer edge is turned up on these vertical posts a short distance to form 
a coping or foot board at the edge of the walk. 


Heretofore, catwalks of this nature have been constructed of timber 
planking, but in spite of all precautions taken they have always given a 
great deal of trouble from the wind whipping them around up in midair. 
The catwalks on this bridge were made of wire mesh screen to overcome 
this wind resistance offered by a wood walk. While there is more spring 
to wire mesh than wood planks while walking along the walk, the wire 
mesh is of ample strength to support the weight of the men. Storm cables 
are strung along underneath, securing the catwalk with vertical ropes 

To make access to both cables easier, cross walks are built across 
from one walk to the other, and are supported on trusses, two of which 
are shown on the back side of the towers. Vertical timber frames for 
supporting the tramway ropes, shown in Plate XI, are erected at this 
stage of the work, and the walks are then ready for the cable spinning. 

[28] 


PLATE X 


This plate represents the driving mechanism of the endless tramway 
rope. Although somewhat different than the actual machinery employed, 
this illustration indicates the manner in which the spinning of the cables 
is accomplished. 


The left half of the drawing shows a vertical, inclined, spindle geared 
to an electric motor, at the upper end of which is a grooved sheave. Just 
below the base of the motor is one of the eye bars, which is firmly em- 
bedded in the concrete anchorage, located beyond the left edge of the 
drawing. Imposed on this eye bar is a strand shoe, circular in shape on 
the end nearest the anchorage and flat on the opposite end. As shown, a 
wire comes in from the bridge tower, is passed around the strand shoe, 
and the two parts of the wire are clamped together. This clamp, which 
is shown in section in the inset, in the lower left hand corner, holds the 
wire firmly around the strand shoe, and prevents it from slipping back 
towards the bridge tower, or from carrying forward from the pull of the 
spinning wheel. 


This spinning wheel is shown mounted on a V shaped hanger, sus- 
pended from the tramway rope, and which in turn passes around the 
grooved sheave, or pulley. As the motor drives, or rotates the sheave, 
the rope travels outward toward the bridge tower, as shown by the arrow, 
and carries the hanger and spinning wheel with it. Before starting out 
the spinning wheel has a loop of wire placed around it, as shown. One 
end of the wire forming this loop is secured by the clamp, and the other 
end comes up from the large reel shown at the bottom of the drawing. 
As the spinning wheel travels outward, the end in the clamp remains 
fixed, and the end coming off the reel, which is free to rotate, travels hori- 
zontally twice as fast as does the spinning wheel. As the loop forms two 
parts of the same wire, one part passing over the top of the wheel and 
the other part passing from under it to the reel, two wires are carried out 
over the bridge tower to the opposite anchorage. That is, two parts of 
the same wire, as the wire is endless. 


The little inset at the top of the two halves of the drawing, graphical- 
ly illustrates the manner in which the two spinning wheels, one from each 
anchorage, and travelling in opposite directions towards each other, carry 
the wires over the towers. The right half of the drawing represents the 
tramway rope terminal at the other end, or center anchorage. It will be 
noted that there is no motor at this end, the sheave and the shaft on 
which it is mounted merely revolve idly in the bearings. It will also be 
noted that the spinning wheel and hanger is suspended from the back 
portion of the rope, and as the rope is rotated around the sheave it will 
travel in a direction opposite from the spinning wheel shown on the left. 


The two halves of the drawing, together with the little inset at the 
top, illustrates the manner in which the wire is spun, or strung from an- 
chorage to anchorage, passing over the tops of the two intervening tow- 
ers. The tramway rope is supported on small towers, or frames, above 
the level of the final position of the cable. Four individual wires, two in 
each direction, are spun at each trip of the spinning wheels. When the 
spinning wheels arrive at the anchorages at the other end of the span 
from which they started, they are stopped, and at each end, the loop of 
wire which the wheel has just brought over is transferred to the strand 
shoe A new loop is then picked up from another reel of wire and placed 
on the wheel. When all is ready at both ends, the spinning wheels are 
started back on their return trip. 


[29] 














= ¢, 
() 
; aK | 
| = i" 
eZ : a 
14 





ta x YX) sat 
004.8 LBS ei 


) } y : 

SN 

Sees ne 
nets 









































SS 





vs. ow f "ye 
’ On : : 
Dd) RAARROO UR AAT 5 















































































iY 
Sos 







PLATE XI 


PLATE XI 


This plate illustrates the spinning operation as it is carried out on the 
bridge proper. The catwalk at the left shows two of the frames upon 
which the tramway ropes are supported. They are built up from the cat- 
walk, braced in a longitudinal direction by wire rope stays running down 
to the floor of the walk, and built wider at the bottom for transverse 
stiffness. The tramway ropes are suspended from these frames by pulleys, 
which permit the spinning wheel hangers to pass over them. One of the 
spinning wheels is shown at the extreme left edge of the drawing, just 
starting up the walk with the first loop of wire, and is traveling away 
from the reader; its companionate wheel at the same time travels towards 
the reader from the opposite end of the bridge span on this same catwalk. 
These two wheels will pass each other in the middle of the span, or at 
the half way point between the two towers. After the first wires have 
been strung across the span they are accurately adjusted to the proper 
sag, in the same manner as was described in Plate VIII for adjusting the 
wire ropes of the catwalks. 


The catwalk at the right is also equipped with an endless tramway 
rope and two spinning wheels, but neither of these wheels are shown in 


the drawing. In the spinning of the cable, the wires are spun in bundles, 
or groups, and each group is known as a strand. Four of these strands 


are spun at one time on each catwalk, and each strand consists of 472 
wires. As the spinning wheels carry over a loop of wire, two individual 
wires are laid down for each strand by each wheel; making four individ- 
ual wires that are strung on each trip, two individual wires for each of 
two strands. On the return trip of the wheels, in their respective direc- 
tions, the loops of two more strands are carried back. As this return trip 
of the wheels strings two individual wires for each of two more strands, 
it brings the total number of strands strung at one time on each catwalk 
to four. 


The wires for the four individual strands are laid in a corresponding 
number of grooved blocks, two placed on either side of the center of the 
catwalk. These blocks, or chucks, in this bridge are set above the final 
position of the cable itself, but to more clearly illustrate this operation 
they are shown as being mounted on a larger block running the entire 
width of the walk, which is notched in the center to clear the bottom of 
the finished cable. When a group of four strands, of 472 wires each, has 
been completed, the individual strands are squeezed together by a device 
not unlike an enormous pair of pincers. As the wires of the strand are 
Squeezed together, a short piece of wire is wrapped around its circum- 
ference, and is designated as a serving of wire. This right hand walk il- 
lustrates that stage of the spinning operation where the first four strands 
have just been completed, and served with wire. When completed, the 
strands are lifted by means of derricks, from the four small blocks and 
placed in the final position they will occupy in the finished cable. Three of 
the strands are shown in such a position, while the fourth, at the right, 
is still in the small block, and is ready to be hoisted over to be laid along 
side of the first three. 


In the immediate foreground, and in front of the small block mount- 
ing, is shown a throat clamp, or cradle like casting, in which the finished 
cable is formed. Only the bottom part of this throat clamp is shown, 
and the opening is so shaped that the strands form a rough hexagon as 
they are built up. As the- cable is built up, strand by strand, addi 
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tional parts of this clamp are bolted on so that the side strands will con- 
form to the circle that the finished cable will take upon completion. The 
upper parts of this throat clamp approach the center, corresponding to 
the top part of the cable circle. From this throat clamp, and towards the 
reader, the strands spread out fanwise, as they pass on to the eye bars in 
the anchorage. This spreading out of the individual strands from the 
throat clamp to the eye bars in the anchorage is not unlike the spread- 
ing of the roots of a tree, the completed cable forming a trunk that 
separates into 37 roots that fasten themselves into the firm support of 
the anchorage. It is the individual wires that are fastened to the an- 
chorage, hence they must be spread out in order to secure them to 
the eye bars. Incidentally, the eye bars derive their name from the 
fact that they consist of a bar of steel with an eye made in each end 
in the same manner that an eye is placed in one end of an ordinary 
sewing needle. These eye bars are so designed that each one is capable 
of accomodating 472 individual wires. 


After the fourth strand has been lifted over into the throat clamp, the 
spinning wheels are again started out with loops of wire to spin a second 
set of four strands. The illustration shows the two wires of the first loop 
of the second set of strands, as being laid in the outer small block at the 
left. However, this loop is not carried over until all of the strands of the 
first set have been lifted over into the throat clamp, as a loop would be 
coming over from the far end of the span at the same time. Hence, the 
wheel at the right could not lay its loop in the outer right hand small 
block until the strand shown was removed, and the drawing simply shows 
this first loop of the new series of strands at the left, to indicate the man- 
ner in which it is laid in the small block. Furthermore. the spinning oper- 
ation on the left hand catwalk would have progressed to the same stage 
as that on the right, as the spinning progresses symmetrically on the two 
catwalks to insure that the strain of the partially completed cables is bal- 
anced equally over both legs of the towers. 


From the illustration, it appears that the strands are lying on the cat- 
walk. This is not the case, however, as they are suspended from the top. 
of the tower to the small blocks shown, and clear the walk some three 
feet, or about waist high to the workmen. They appear this way in the 
drawing, on account of the fact that the line of vision coincides with the 
center line of the right hand catwalk. 


As all of the 17,464 wires that form each cable are laid parallel to. 
one another, the cable is designated as being of the parallel wire type. 
As each individual wire is designed to take its definite proportion of the 
total load coming upon the cable, this adjusting cperation is so carried 
out that the tension in each wire is the same as the tension in the other 
wires. As the cables are 2834 inches in diameter, the wires near the top 
of the cable are slightly shorter than those near the bottom, as the sag 
in the cable between the towers describes an arc, the upper side of which 
has a radius 2834 inches shorter than the lower side. There is also a 
reverse arc where the cables pass over the saddles on top of the towers. 
Any other type of construction than that of parallel wire would not per- 
mit of each wire taking its proper tension. 


As the total weight of the cable wire for the two cables is 18,500 
tons, it is quite obvious that it would be impractical to stretch a pre- 
fabricated cable of such proportions across a span of approximately two 
miles in length and 500 feet above water. 
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PLATE XII 


The upper part of this plate illustrates the manner in which a single 
loop of wire is carried over from anchorage to anchorage. Beginning at 
the right of the drawing, a turn of the wire is taken around the strand 
shoe in the eyebar, and clamped in this position. The end that leaves the 
clamp was looped over the spinning wheel, and this wheel moved outward 
over the two towers shown in the little inset at the top, coming to a rest 
at the anchorage on the left hand side of the drawing. A clamp was 
thrown across this loop that the wheel just brought over, and it will be 
seen that this clamp is secured to a third wire in the middle, which is se- 
cured at its other end to the eyebar. In such a position, the clamp holds 
the loop of wire firmly in its grip. The wheel was then backed off to the 
right a short distance so that the loop to the left of the clamp became 
slack. This slack end of the loop was then placed around the strand 
shoe, and is shown ready to be lifted out of the groove in the spinning 
wheel. Once this loop is placed around the strand shoe and removed 
from the wheel, the lower part of this clamp can be released. The lower 
wire of this loop will then have a certain amount of slack extending back 
towards the tower. 


To take this slack out of the lower wire of the loop, the wire is 
gripped with a block and tackle just above where it comes off of the reel 
at the right hand side of the drawing. By pulling on this block and tack- 
le, all the slack will be taken out of the under wire of the loop. The wire 
could then be cut off a short distance inside of the grip of the block and 
tackle, and joined to the end of the wire projecting from this right hand 
clamp. The clamps at both anchorages could then be released, and a con- 
tinuous loop of wire would be in place, looped over a strand shoe at each 
end of the span, and passing over the towers in between the two anchor- 
ages to which the strand shoes are fastened by means of the eyebars. 


However, as there are 472 wires in each strand, there is a total of 236 
loops of two wires each, that are passed over from strand shoe to strand 
shoe, before the wire is cut from the reel and joined to the original end 
of the wire. Therefore, instead of attaching the ends of the wire of this 
single loop, as was explained in the hypothetical case above, the spinning 
wheel is obliged to return and carry over an additional 235 loops, one at 
a time. Again referring to the right half of the drawing, instead of cut- 
ting the wire off at the reel, the continuous wire is carried up from the 
reel and passed around the strand shoe, which makes the second turn ot 
wire that has been passed around this strand shoe. The spinning wheel is 
brought back from the left hand anchorage, and the wire from this sec- 
ond turn around the strand shoe is looped over the wheel. The spinning 
wheel then travels outward on its second trip to the left, and deposits its 
second loop of wire over the towers. As the wheel arrives at the left an- 
chorage on its second trip, the second loop is clamped, the wheel slacked 
off, and this loop given a turn around the strand shoe in the same man- 
ner aS was done with the first loop. The wheel then returns empty to the 
right hand anchorage for its third loop of wire. This procedure is repeat- 
ed until the wheel has made 236 round trips, depositing a loop of double 
wire on each outward trip, but coming back empty on the return trip. 


[35] 


Upon completion of the last trip, the wire is cut and joined to the first 
end, actually this time, and not hypothetically, as described for the first 
loop. 


The lower half of the drawing indicates how the loops of wire appear 
when they are finally in position on the strand shoes, strung from an- 
chorage to anchorage. For clearness, only four loops of wire are shown 
on the strand shoes, while actually there would be 236 loops, or 472 
wires. The eyebars are cut away, to indicate how the strand shoes are 
secured to them by means of a pin. The outer ends of these pins are 
threaded, and a nut is screwed down to prevent the pin from working 
loose. The dimensions of the strand shoes more nearly approach the size 
of a small automobile wheel, being much flatter, and larger in diameter 
than shown, but were drawn in this way for clearness. 


As the individual strands are composed of 236 loops, all taken off of 
one reel of wire, it is obvious that the spinning wheel would have to re- 
turn from the opposite end of the span empty to pick up a second loop 
from the same reel. However, it does not return empty, but picks up a 
loop of wire from another reel at the far end of the span on its return 
journey. The loops taken off the other reel at the far end form a strand, 
separate and distinct, from the strand formed by the loops taken off the 
reel at the near end. Hence, each wheel spins two separate strands at a 
time, carrying over the loops from one on its outward trip, and bringing 
back the loops of the other on its return trip. As the wheel is carried on 
an endless tramway rope, the second wheel attached to the same rope ai 
the opposite end, travels over the same catwalk, making a total of four 
strands that the two wheels spin at one time. As there are two catwalks, 
this makes a total of eight strands for the two cables. However, in 
spinning the wires in this bridge, each spinning wheel had two grooves 
in its rim and carried over two loops of wire at one time. To simplify a 
rather complicated operation, the foregoing explanation was treated as 
though there was but one loop carried over at a time. 


The wire is 195 thousandths (0.195) of an inch in diameter, and five 
of them laid side by side are equal to 0.975 of an inch, or almost one 
inch. The ends of five of the wires are compared to an inch of measure- 


ment in the small inset in the center of the drawing. 


The lower inset illustrates how the ends of two wires are fastened to- 
gether by means of a sleeve. One of the ends is threaded left hand, and 
the other right hand, so that as this sleeve is turned similar to a turn 
buckle the two ends, shown in section in heavy black, will be forced to- 
gether inside of the sleeve. Their ends are beveled, so that as the sleeve 
forces them together the edges of these bevels will be forced up into the 
threads of the sleeve, or burred over, to prevent the three parts of the 
connection from working loose. 


The wire is manufactured from steel, is drawn in lengths from 3,000 
to 4,000 feet long, and mounted on reels containing between 60 and 


65 miles in one continuous length. The total length of wire used in the 
cables totals up to 70,800 miles, the weight of which is 18,500 tons. Spin- 
ning them in a parallel formation enables the cables to be so designed 


that each individual wire takes a definite share of its load of the bridge. 
[36] 


PLATE XIII 


This plate illustrates the manner in which the wire is laid in the sad- 
dles on top of the towers during the spinning operation. Fig. 1 is a per- 
spective drawing of one of the saddles, and it will be noted that the 
interior of the saddle has a series of steps in its lower corners. By re- 
ferring to Fig. 3 it will be seen that these steps cause the completed 
cable to take the form of a hexagon for its lower half. To form the 
upper half of the hexagon, wedge shaped pieces are cast in the 
saddle near its upper rim. Additional pieces are bolted on to these wedge 
shaped pieces in order to bring the top of the cable to the completed 
hexagonal form. 


Fig. 2 is a diagram showing the spinning wheel as just having passed 
over the saddle on its trip towards the left, having deposited its loop of 
wire in the saddle. The lower wire of the loop is deposited down in the 
saddle itself, while the upper wire is laid on a series of small wheels 
fastened to the upper rim of the saddle. The lower wire is known as the 
dead wire, as once it is laid in the saddle it stays fixed and does not 
move. The upper wire of the loop, on the other hand, is termed the live 
wire as it must travel twice as fast as the spinning wheel. The reason 
for this is that the live wire must not only pay out from the reel at the 
anchorage a distance equal to the travel of the spinning wheel, but at 
the same time must also pay out the amount of wire that is laid in the 
lower wire of the loop. In other words, since the wheel is spinning out 
the two separate wires that form the ‘loop, the top, or live wire must 
travel out twice as fast as the bottom, or dead, wire. 


Fig. 1 indicates how the live wire has been laid in the small wheels 
fastened to the upper rim of the saddle, and how the dead wire is laid on 
the bottom of the saddle, just in front of the strand that has already 
been completed. While the spinning wheel actually takes over two loops 
of wire at a time, only one pair of wires are shown in order to make 
the operation clear. Since the tramway rope is in two parts, and carries 
the two spinning wheels in opposite directions at the same time, a true 
picture of this stage of the spinning operation would show four com- 
pleted strands and 4 wires laid in the saddle at this point. Since the 
showing of all these wires and the four strands would only lead to con- 
fusion in following out the course of the spinning of the wires, only one 
completed strand and a single loop of wire is indicated in the drawing. 
Also, there are four rows of small wheels in place of the single row 
shown. These are mounted in pairs, in yokes that are fastened to flat 
steel plates, one plate with its two rows of wheels being fitted on top of 
the rims on either side of the saddle. The function of these wheels is to 
support the live wire as it is being dragged over the supports. Unlike 
the dead wire, which remains fixed as it is laid on the supports, the live 
wire must roll on these wheels, so that its surface will not be scraped or 
otherwise damaged. 


Fig. 3 shows the end view of the saddle, and the cable within it in 
section. Since the completed cable as it passes through the saddle forms 
a hexagon, the 37 strands form layers as they are built up in the saddle. 


The bottom layer consists of four strands, and lay flat on the bottom of 
the saddle. The next layer consists of five strands, and rests on top of 


the first layer. The next two layers consist of 6 and 7 strands respec- 
[37] 





PLATE XIII 


tively, while the upper three layers consist of 6, 5 and 4 strands re- 
spectively. While this diagram shows the individual strands as being 
maintained in their circular state, they are actually worked down by 
means of wedging until the wires fit snugly to the bottom and sides of 
the saddle, so that in the saddle itself the wires are compacted at the 
time they are placed therein. 


Again referring to Fig. 2—after the loop of wire, that is shown as 
having just passed over the saddle, is finally carried to the anchorage at 
the left and fastened there to a strand shoe, it is adjusted to the proper 
tension, an operation that is more fully explained in Plate XIV. This 
adjusting operation, which causes the wire to slide along in the saddle, 
takes place before the wire is finally set in its permanent position in the 
saddle. The wire down in the saddle is adjusted first, after which the 
upper wire of the loop, resting in the small wheels, is lowered down into 
the saddle and adjusted by sliding it along in a direction opposite to 
that used for the first, or lower wire of the loop. This Fig. 2 also shows 
how the tramway rope passes over a set of sheaves or pulleys hung from 
the top of the gallows frame. While the driving mechanism for this 
tramway rope is located at the anchorages, as explained in Plate X, a 
control circuit wire is strung along the hand rail posts of the catwalk, 
and provided with regular electric stop switches. Should the spinning 
wheel strike an obstruction, or the wire get caught somewhere, the men 
stationed along the catwalk can reach over and stop the tramway rope 
by pushing one of these emergency switches. The approximate speed at 
which these spinning wheels will travel is 8 miles per hour, and it will 
take 8 or 9 minutes for the wheel to make a one way trip. 


The cable saddles are made of cast steel, and as their function is 
to transfer the vertical weight, or downward pressure of the cables to 
the top of the tower, their design calls for an extremely rigid type of 
construction. As this downward pressure has a tendency to flatten out 
the cable at this point, a series of heavy ribs are cast into the saddle on 
each side, so that it will maintain the circular form of the cable regard- 
less of the cable weight coming upon them. Another equally important 
function of the saddle is to permit the cables to pass over the tower tops 
in an easy curve, whose axis is at right angles to the axis of the circle 
describing the circumferences of the circular cross section of the cable. 


This spinning operation is one of the most spectacular features of all 
the various steps of the construction work. Workmen will be at work 
along the entire length of the catwalks extending from the San Fran- 
cisco anchorage over to the Yerba Buena Island anchorage. The work- 
men passing over these catwalks will “cross the bridge” a year and a 
half or more before the completed structure is thrown open to the gen- 
eral public. The catwalks and cross walks will also facilitate the work of 
the supervisors and inspectors, who are obliged to pass on the accuracy 
of the placing of the wires, as well as on the subsequent operations, to 
be explained in connection with the following plates. 


Owing to the railing and other safeguards, the work carried out on 
these catwalks will be no more hazardous than that obtaining in the 
course of ordinary building construction. As an aid to safety, or warn- 
ing, for the pilots flying planes overhead, the catwalks will be marked at 
night by means of illumination. Also, the topmost points of the derricks 
on top of the towers carry a red beacon light as a warning. 
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PLATE XIV 


This plate illustrates the details of the San Francisco anchorage, as 
well as the various steps employed in securing the wires to the anchor- 
age. There are seven eyebars in a vertical row, five of which are shown 
projecting out from the concrete, to the right. The loops of the first 
strand that are brought over from the towers are secured to the bottom 
eyebar, and the securing of the strands progresses upwards from the 
bottom. However, if the various steps of securing these strands were 
shown from the bottom up, progressively, the top strand would appear 
completed and the lower one as just being started. Therefore, to estab- 
lish a true impression of the correct sequence, the lower strands are 


shown as being completed, but the explanation will be started with the 
top strand. There is another eyebar link interposed between the anchor- 
age and the strand shoe, but this is omitted to simplify the drawing. 


The top eyebar shows the first loop of the top strand as having just 
come over on the wheel, which is above the drawing, and not shown. A 
turn has been taken around the strand shoe, which is shown as being 
clamped to the outside of the eyebars. The eyebars are set in the con- 
crete in pairs, so that in its final position, the shoe is set between a pair 
of eyebars, hence when the pin is pushed into place, it passes through 
the eye of both eyebars, and through the shoe which has been set in be- 
tween them. This method of fastening the shoe between the eyebars was 
illustrated in the bottom part of Plate XII. It is necessary to clamp the 
shoe outside of the eyebars during the spinning, as otherwise the turns 
of the wire could not be placed around the shoe. As previously illustrat- 
ed, the shoe has a groove in it, so that the wire will remain in it once it 
is placed there. 


The second eyebar down from the top shows the operation of adjust- 
ing the wire of the second loop, and follows in sequence to the descrip- 
tion in the last part of Plate XIII. Although the clamp is shown in 
place across the two wires of the loops, it is not set up tight, hence the 
wire of the loop being adjusted is free to slide in it. The block and tackle 
is fastened to the lower wire of the loop, after it has passed around the 
shoe. The other end of the tackle is fastened at the right, across the 
other wires of the strand that have already been adjusted. As the free 
end of the tackle rope is pulled, the tackle will exert a pull on the lower 
wire, away from the anchorage, and in the direction indicated by the ar- 
row. The wire will slide around the shoe and bring the upper part of the 
loop into tension, the pull being continued until the signal of O. K. is re- 
ceived from the man stationed up along the catwalk. Another man, dif- 
ferent from the one pulling on the tackle, stands at the clamp with a 
wrench, and upon receiving the signal, tightens down on the clamp, and 
at the same time the first man stops pulling on the tackle. As soon as 
the clamp has secured the wire, the tackle is released, leaving the top 
wire of the loop clamped in the correct position, and permitting the bot- 
tom wire to slacken. The slack in this bottom wire is taken up by pulling 
on a similar tackle located at the far anchorage. 


This operation of adjusting the wires is repeated for each loop that 
comes over, and is performed on one strand while the wheel is taking a 
loop over in another strand. The third eyebar down from the top illus- 
trates a completed strand. A purchase by a somewhat heavier block and 
tackle is taken on this completed strand, and while held by this tackle, is 
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unclamped from the outside of the eyebars, and slid into its final position 
between them. The pin is inserted, and fastened by screwing a nut on 
either end of it, outside the eyebars. There is a slight adjustment in the. 
shoe to bring the strand to its proper position. 


The fourth eyebar down from the top illustrates the completed strand 
in position in between the eyebars, with the nuts in position. Along this 
strand to the right is shown a wooden clamp, not unlike a cabinet mak- 
ers clamp. Its purpose is to squeeze the wires forming the two sides of 
the loops together. After they are pressed together, and before this 
clamp is released, the throat of the strand is served with wire. 


The fifth eyebar down from the top illustrates a strand after it has 
been completed, squeezed together, and the serving applied at the throat. 
Another completed strand, attached to the sixth eyebar is shown just be- 
low this. The seventh is still lower, and of course is not shown. 


At the back end of the concrete block of the anchorage, a series of 
vertical, inclined, girders were placed prior to the pouring of the con- 
crete. There are five pairs of these girders, and the left hand ends of the 
eyebars were pinned to them, in the same manner that their right ends 
were pinned to the strand shoes. The top eyebar is shown as being brok- 
en away, as their length was considerably longer than shown in the lim- 
its of this drawing. These girders and eyebars were so arranged that the 
left ends of the eyebars spread out fanwise, while the right ends con- 
verged to a focal point located at the approximate position where the 
throat clamp illustrated in Plate XI was subsequently placed. The object 
of fastening the back ends of these eyebars to the girders at the left ex- 
tremity of the anchorage was to interpose the bulk and weight of the an- 
chorage between the pull at the pins in the girders, and the towers, from 
which direction the pull on the cables come. 


The rectangular inset, with a series of small parallel lines, shows the 
layout for the eyebars as they would appear were the reader facing the 
anchorage, and his back towards the tower. The eyebars are in pairs, a 
strand shoe being placed between each pair, and the pairs are shown in 
groups of two. This grouping of twos lines them up with the five pairs 
of vertical girders, to which they are attached. Although they are stag- 
gered, a side view, such as that part of the drawing to the right repre- 
sents, would show a vertical row of seven, and a top view, looking down, 
would show a horizontal row of five. There are 37 pairs in all, corre- 
sponding to the 37 strands in each finished cable. There is one pair in 
the center of the layout, and the other 36 pairs are grouped symmetric- 
ally about this center pair. In each lower corner another pair is shown, 
and the wire ropes which support the catwalks are fastened to these. 


The face of the anchorage is T shaped in plan, and the background of 
the strands shown at the right, forms the leg of the T, on the other side 
of which are the eyebars for the other cable, also 37 pairs in number. 
The anchorage is not carried to its final height until the cables are spun, 
but the finished height of 150 feet will just top the upper deck of the 
stiffening truss where it lands on the anchorage. The small pyramid — 
shaped projections shown on top of the near arm of the “T,” will form a 
key for the concrete that will be carried up to the 150 foot level. This 
anchorage contains 68,000 cubic yards of concrete, and the pull exerted 
by each cable will be 37,000,000 pounds. 
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PLATE XV 


This plate illustrates the details of the center anchorage, located on 
top of Pier W-4. At the top left is shown the throat clamp, with the up- 
per sections in place, and is companionate with the throat clamp shown 
in Plate XI, except that only the lower part of the latter was shown. 
This plate also shows the spinning operation as having progressed one 
step beyond that shown in the previous plate. The strands spread out 
fanwise from the throat clamp, and the strands in turn spread out from 
the servings at their individual throats, and form the loops that pass 
around the strand shoes. From the strand shoes, seven eyebars continue 
the fanwise spread, to engage the steel center frame of the anchorage. 
Like the vertical girders in the rear part of the San Francisco anchorage, 
these frames are placed in pairs, forming a horizontal row of five. Al- 
though all seven of the eyebars are shown fastened to this one frame for 
clearness, they are likewise staggered, and an eyebar layout for this an- 
chorage would be a duplicate of that shown for the San Francisco an- 
chorage. Since there are 37 pairs of eyebars, and each pair secures the 
loop of a strand that has been spun, or came over from the San Fran- 
cisco anchorage, a corresponding eyebar must be located at this anchor- 
age. The layout at the Yerba Buena Island anchorage is likewise a dupli- 
cate of the one shown on Plate XIV. 


The small inset shows a complete frame, and how another set of eye- 
bars, spread out fanwise, engage the strands that have come over from 
the Yerba Buena Island anchorage, on the other side. The entire frame 
is embedded in concrete, and is shown with the upper portion broken 
away to bring out the detail, as was done in the larger drawing. Below 
the members of this frame to which the eyebars are fastened, two gird- 
ers are extended downward to a horizontal girder, and a series of eye- 
bars extend down below this to an anchoring point deep down in the pier. 
At the extreme vertical edges of the small drawing are shown two more 
eyebars, one on each side. They form part of the vertical anchorage, and 
extend down into the depths of the pier. The connecting link between the 
cables and these eyebars is formed by the stiffening truss, which is 
shown in detail in Plate XXI. 


The horizontal pulling forces of the cables coming in from the oppo- 
site spans will oppose each other in this center frame, and these forces 
are said to be balanced. As the cables slope upwards away from the 
anchorage, and toward the towers, an exceptional pull from one, or both 
of the cables, would set up a lifting force. This application of forces 
would not be unlike the force acting on a bunch of keys suspended from 
a string, where the ends of the string were pulled outward from a slack 
position. This lifting force of the two cables has been fully provided for 
in the design of this anchorage. In fact, what is known as the factor of 
safety, has been greatly exceeded. The reason for this is to take care or 
what is known as the unbalanced live load. This condition of an unbal- 
anced live load is aptly visualized by considering the highly probable con- 
tingency that might arise were the traffic that will pass over the bridge 
suddenly halted from some unavoidable cause. This traffic, which consti- 
tutes the live load, might form a congestion at some one point on the 
span, and at the same time the bridge may become entirely clear of any 
traffic at some other point. As the cables and stiffening trusses have a 
certain amount of flexibility, this unbalanced live load would cause a 
force to be set up in the cables that would exert a pull on one side of this 
center frame, of greater magnitude than the opposing, or balancing 
force, of the opposite cable. 


[43] 


AX HLV'Id 


—————} 
SS 


—— ——————S 
SSS 








PLATE XVI 


This plate illustrates one of the saddles on top of the towers with 
all the strands completed and set into the saddle. As explained in 
Plate XIII, the top layer of strands is brought into position to form the 
top side of the hexagon by means of wedges, two of which are shown 
at the back rim of the saddle in this drawing, ready to be forced home. 
Since this wedging effect compacts the wires tightly into the saddle, no 
further compressing is required in the saddle. The balance of the 
cable, however, is squeezed together, an operation to be described in 
Plate XVII. The cable leading up from the left is shown with the 
strands in their original form, while that part leading down to the right 
is shown as being compressed. 


As the weather varies from day to day, and temperature changes 
take place hourly, the expansion and contraction of the cable will cause 
it to move in a direction parallel to its axis. To provide for this, the bot- 
tom of the saddle is finished to a smooth plane surface, and rests on top 
of a base plate of equal smoothness. Furthermore, as the dead load of 
Suspender ropes, stiffening truss, etc., is placed on the cables they will 
take a certain amount of set, hence the saddle is placed back a little from 
its final position when first setting it on top of the base plate. When the 
dead load of the bridge is all in place, the saddles are slid along their 
bases to the permanent positions by means of powerful hydraulic jacks, 
braced against the side of the tower, and hooked on to the saddle by 
means of a large eye cast into it. This eye is located near the bottom of 
the saddle, not shown, so that it clears the bottom of the finished cable. 


To prevent any seizing between the plate and the bottom of the sad- 
dle that might arise from such a cause as rust, and to act as an aid in 
the jacking operation, a lubricant is smeared onto the two surfaces when 
setting the saddle in place. After the saddle has been jacked into its final 
position, the holes shown between the heavy ribs on the outside, will co- 
incide with another set of holes passing down to the tower top. The sad- 
dle is then securely bolted down to the tower, and thereafter forms an 
integral part of it. To provide for the pulling forces exerted by the ca- 
bles after the saddle is secured, the tower is designed with a certain 
amount of flexibility. Contrary to the general impression that steel work 
is absolutely solid, this deflexion of the steel of the tower is quite natural, 
and is no more detrimental to the strength of the structure than it is 
detrimental to bend the blade of a carving knife made of a good grade of 
steel. 


The part of the platform on top of the tower that diverges towards 
the reader was drawn wide enough to give a clear view of the saddle, but 
actually it is quite narrow at this point. It can well be appreciated that 
every square inch of this platform built on top of the tower is utilized, 
nor is it as clean looking, as space must be found for the rigging gear, 
gallows frames, derrick, etc. 
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PLATE XVII 


This plate illustrates the squeezing operation, whereby the various 
strands of the cables are compressed, thus shaping the cross section of 
the cable into the form of a circle. The apparatus shown encircling the 
cable is known as a Squeezing jack and was selected for this illustration 
on account of the simplicity of its design. The jack to be used on this 
bridge consists of six plungers arranged radially outward from the cable, 
and is operated by an air motor. A drawing, showing its rather complica- 
ted mechanism, would lead to confusion, hence the simpler jack is shown. 
The catwalk shown in this particular drawing is made of wood planking. 

In the jack shown, there is but one cylinder, placed at the bottom. 
Both the plunger piston rod, and the back end of the cylinder are hinged 
to an arm of the jack, which is also hinged at the top. The jack is placed 
around the cable by disconnecting one of these hinges. Leading from the 
bottom of the cylinder, is a flexible tubing, the other end of which is con- 
nected to a portable hydraulic pump. As the pump is actuated, the 
liquid with which it is charged flows through the flexible tubing, and a 
pressure is built up in the cylinder that is measured in tons. The plunger 
piston moves inward, into the cylinder, and the arms of the jack are thus 
caused to exert a Squeezing action on the cable. 

As the pressure comes upon the cable, it is tapped with a large wood- 
en mallet in order to jar the wires, some of which form an arch with 
each other. This arching between the wires causes a certain amount of 
voids between the wires, and on account of their circular cross section, 
interstices exist at the points where the wires are not tangent to one an- 
other. Although the combined action of the jack and the tapping does 
not entirely eliminate voids, to all intents and purposes the cable wires 
are squeezed into a solid circular mass. Beginning near the towers, the 
cable is squeezed at intervals of a couple of feet, progressively down- 
wards. Before the pressure of the jack is released, a serving of wire is 
wrapped tightly around the cable immediately behind the jack in order to 
maintain its circular cross section after the jack is released. The jack is 
then slid down the cable to the next squeezing position, and is kept from 
sliding too far by means of a block and tackle. 

The small inset at the top left, indicates by solid circles, the approxi- 
mate position of the strands prior to squeezing. The position of the 
strands are in courses, or layers, concentric about the center strand that 
forms the core. Although only two courses are shown here, the cables 
themselves consist of three courses of 6, 12 and 18 strands, respectively. 
The perimeter of these unsqueezed strands roughly takes the form of a 
hexagon, and explains why the cable consists of 37 strands. The number 
of strands in each layer is a multiple of six, and this combination per- 
mits of the strands being placed in concentric layers, so that they are all 
tangent to each other in their own layer, as well as tangent to those in 
the adjoining layers. The total number of wires in each cable is 17,464, 
which is the dividend of the total load coming upon the cable divided by 
the ultimate strength of each wire, the factor of safety forming a differ- 
ential. The total number, however, must be an even number as there are 
two wires to each loop. The number of wires in each strand is see ed 
arrived at by dividing the total by 37, or 472. The diameter of the fin- 
ished cable is 2834 inches. 

As pressure is applied the individual strands begin to lose their circu- 
lar form, as shown in the top middle inset. The corner inset shows the 
approximate shape as the cable begins to assume a circular cross section. 
The bottom inset indicates the cable squeezed to its final cross section, 
forming a circle. 
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PLATE XVIII 


The next operation after the cables have been squeezed and servea 
with wire, is to place the suspender rope saddles into position. These 
Suspender rope saddles are in the form of a huge clamp, bolted on to the 
cable at intervals that correspond with the stiffening truss panels, and 
which are supported on the lower ends of these suspender ropes. Three 
of these suspender rope saddles are shown in this plate. They are design- 
ed to drop the ropes vertically downwards regardless of the steepness of 
the cables at any one point. They are manufactured in two halves, which 
permits them to be placed on the cable and at the same time gives them 
a gripping action as the bolts are tightened. The suspender ropes fit into 
a groove in the saddle, around which they are free to move, thus equal- 
izing the downward pull that comes on both legs of the rope. The saddles 
are spaced about 30 feet from center to center. Ribs, running around 


the circumference in line with the bolts are cast into the saddles to give 
them additional strength. 


As these suspender ropes served to support the catwalks during the 
spinning operation, it is necessary to lash the walks to the main cable 
before the ropes can be prepared for placing in the saddles. The catwalk 
in this drawing is shown lashed to the cable by means of a small wire 
rope, and to prevent any vertical movement of the walk, a timber frame 
is interposed between it and the cable at the point of lashing. After the 
catwalk is securely lashed, the ropes on which it was supported are un- 
fastened from the wire mesh screen to which they were wired. It is then cut 
into proper lengths, and each end is served with a special cable-end 
clamp, or burr. The bottom part of this cable-end clamp is threaded to 
receive a nut. 


When these 214 inch suspender ropes are cut to length, each pair is 
made shorter than the previous one as they approach the center of the 
span away from the towers. After the 43 miles of these ropes have been 
cut to the proper length, and served with the end clamp, they are passed 
over the cable, and set in position on the suspender rope saddle. Across 
the bottoms of the two ends, a thimble like arrangement is attached, and 
the nuts placed on the bolts. As the ropes are lowered down through the 
catwalk, after first cutting a hole in the wire mesh to allow them to pass 
through, this thimble like arrangement reposes at the bottom of the rope 
ends. Subsequently, when the steel work of the stiffening truss is being 
hoisted into place, a top member of the truss is fitted on to this thimble. 
Later on, as the work on the truss becomes more advanced, the nuts be- 
low these thimbles are adjusted to bring the truss panels into proper 
alignment, and the whole arrangement is securely clamped together. 


The inset at the lower left illustrates this thimble arrangement in 
place, and on which a girder, shown in section, rests. The transverse 
girder, forming the support of the upper decking, is shown attached to 
this first girder, and extends towards the left hand cable. A companion- 
ate suspender rope and thimble has also been securely clamped to the 
supporting girder for this transverse member, under the left hand cable. 
The lower deck is suspended from a vertical column, also suspended from 
the junction of these other girders, and passes downwards at a position 
falling in between the two legs of the suspender ropes, although not 
shown in this drawing. 
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PLATE XIX 


This plate illustrates the last of the various operations that were car- 
ried out in the fabrication of the cable, all of which were accomplished 
on the bridge itself, and in the position the finished cable now occupies. 
As the wires of the cables are galvanized they are rendered highly re- 
sistant to the action of the elements, but are also given a coat of paint. 
after the squeezing operation. In addition to this they are given further 


protection by a serving of wire wrapped around the circumference of the 
cable, whose primary purpose is to hold the cable wires in a permanent 
circular form. This wrapping of wire is spun onto the cables by a spe- 
cially designed machine, somewhat more complicated than the one shown. 


This machine consists of a large spur gear, bolted together in halves, 
so that it may be placed around the cable. It is driven by a smaller gear 
mounted on a jack shaft, the other end of which is geared to an electric 
motor. The bottom of the frame on which the machine is mounted, slides 
along the cable, and contains a bearing on which the interior of the large 
gear hub rotates. The bore of this hub is large enough to clear the cable. 
Mounted in between the spokes of this large gear are two bobbins con- 
taining the wire to be wrapped. The wire from the bobbins is carried 
clear of the gear by means of two small grooved wheels mounted on back 
of the gear. As there are two of these bobbins, the wire is served to the 
cable two ply at a time. The machine is fed up along the cable by allow- 
ing the edge of the hub to bear against the wire already wrapped, and 
moves along a distance equal to twice the diameter of the wire at each 
revolution of the large gear. To ease off the weight of the machine 
against this feed action, a block and tackle is fastened to a clamp around 
the cable, and above the frame holding the machine. 


The function of this frame is to resist the torque set up by the re- 
volving of the gear, and consists of two uprights clamped to the cable. 
Cradled in these two uprights is a parallel bar that engages a vertical 
strap running up from the motor. There is enough clearance between 
the two parts of this strap to permit of its sliding along the parallel bar. 
Were it not for this frame, the motor would be apt to revolve around the 
large gear in place of rotating the gear around the cable. The block and 
tackle holds the machine in place when it is necessary to move the frame 
up the cable to a new position. 


The suspender rope saddles shown in the previous plate are clamped 
direct to the parallel wires of the cable, and not over the top of the wire 
that has been wrapped around the cable radially. The purpose of this is 
to cause the grip of these saddles to take hold directly on the parallel 
wires of the cable and thus insure a positive grip. In addition to this 
there are recesses on the inside of these suspender rope saddles that fit 
over the short wire servings that were placed around the cable at the time 
the squeezing operation took place. As all of these wrappings or servings 
of wire are put on the cable under a definite tension, they exert a cer- 
tain amount of pressure on the parallel wires, and those servings under 
the suspender rope saddle recesses form a positive lock for these saddles, 
regardless of how steep the cable may be at that point. 


After the wrapping operation is completed, two wire ropes are sus- 
pended above the main cable, that serve as hand rails for the painters, 
and are a permanent part of the structure. 
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PLATE XX 


This plate illustrates the forces that are set up in the cables by the 
loads they carry. As some of the earlier suspension spans were con- 
structed with the cables suspended from towers built of masonry, or 
stone work, the first two diagrams in the upper left hand corner are 
drawn to represent such a tower. In both diagrams the cable is anchored 
on the left, and that part of the cable extending from the top of the 
tower to the anchorage is known as the back stay. 


In determining the forces exerted on the tower of a suspension 


bridge, the engineer makes use of what is known as a parallelogram of 
forces. To determine the direction and magnitude of the force acting 
downwards in these hypothetical masonry towers shown in the first two 
diagrams of this plate, a line, to some convenient scale, is laid off near 
that part of the cable that extends to the right, or towards the center of 
the span. This line is drawn tangent to the axis of the cable at the point 
where it rests on top of the tower. Another line is drawn in the same 
manner on the back stay, but since this back stay is stretched taut, 
and does not sag, this second line coincides with the back stay. The par- 
allelogram is completed by drawing the other two sides, each one of 
which is parallel with one of the other sides. A diagonal is then drawn, 
connecting the corner of the parallelogram at the top of the tower with 
the opposite, or lower corner. Had these lines all been drawn to scale, 
such as so many tons per inch, this diagonal line would measure the 
downward force exerted on the tower. 


However, we are not concerned here with mathematics, but have sim- 
ply explained the mechanism of the parallelogram of forces in order to 
illustrate the direction in which the forces act in the towers. The small 
arrows at the bottom ends of these extended diagonals indicate the direc- 
tion the downward force, acting on the towers, takes. The first diagram 
shows the back stay inclined sharply towards the vertical, and the direc- 
tion of the diagonal line of force falls considerably to the right of the 
center of the tower base. In the second diagram, the back stay more 
nearly approaches the horizontal, and the direction of the line of force 
falls to the left of the center of the tower base. In both cases, however, 
the line of force falls within the confines of the tower base, and either 
structure would be safe. Were these towers built more slender, and the 
line of force were to fall outside of the confines of the base, the structure 
would be unstable, and very apt to topple over. 


The diagram in the upper right hand corner illustrates a parallelo- 
gram of forces laid down on a representation of one of the towers of this 
bridge. As the amount of sag in the cable is equal on either side of the 
tower, the diagonal of the parallelogram coincides with the vertical axis 
of the tower. The force therefore acts vertically downward, as indicated 
by the arrow. 


The larger diagram at the bottom of this plate is a silhouette diagram 
of the span extending from the San Francisco anchorage at the left to the 
center anchorage at the right. The piers shown, number from left to right, 
W-1, W-2 and W-3. The San Francisco anchorage is considerably further 
-back from the tower on Pier W-2, than the center anchorage is distant 
from the tower on Pier W-3. The reason for locating the San Francisco 
anchorage in this position was owing to the fact that any location closer 
to Pier W-2 involved foundation problems that were anything but satis- 
factory. Therefore, in locating this San Francisco anchorage at the base 
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of Rincon Hill, its position required that the back stay from the top of 
the tower on Pier W-2 would be considerably longer than the back stay 
extending from the tower on Pier W-3 to the center anchorage. This 
difference in the length of the back stays would naturally make a differ- 
ence in the slope at the respective ends of the cables as they passed from 
the towers to their respective anchorages. 


To compensate for this difference in the length of the back stays in 
this span, therefore, a tower was erected at the location known as Pier 
W-1. The function of this tower is entirely different from that of the 
towers on Piers W-2 and W-3. It is not unlike a prop that is sometimes 
put under a clothesline. The point of suspension on top of this tower, or 
prop, that elevates the cable here, brings the slope and curve of this back 
stay to the same slope and curve that exists in the back stay anchored 
to the center anchorage in mid-stream. Putting it another way, this prop 
at Pier W-1 permits of a parallelogram of forces being drawn on top of 
Pier W-2 that would coincide with a like parallelogram drawn on top of 
Pier W-3, and brings the direction of the line of force in Pier W-2 verti- 
cally downward. Incidentally, the lower level of the eyebars in the San 
Francisco anchorage is compensated for at the same time. 


As the primary function of this pier is not to alter the forces acting 
on the anchorage in any manner, nor to support the cables, but only to 
change the direction of their slope, the member at the top on which the 
cables bear had to be designed accordingly. This top member of this pier 
is known as a rocker arm, and while it changes the direction of the slope 
of the cable, it also permits of the free play of the cables between Pier 
W-2 and the anchorage. This rocker arm is shown more in detail in 
Plate XXI. 


The bridge is so designed that the cable landing on Yerba Buena Is- 
land is comparatively close to the shore, and at a point that makes the 
horizontal clearance of the channel next the island symmetrical with the 
clearance adjacent to the center anchorage. Had it been necessary to set 
this island anchorage any distance back from the shore, and on a lower 
level, a pier similar in function to W-1, would have been necessary at this 
end of the West Crossing. However, the island shore rises steeply, the 
underlying stratum is rock, and the anchorage is so placed that no such 
additional pier is required. 


The 231 foot sag of the cables from the horizontal is not due to eli- 
ther the weight of the cables or the weight of load that will come upon 
them. The cables are purposely designed with a sag in them, in order to 
balance the forces of tension and pressure. If the parallelograms in the 
first two diagrams of this plate were fully worked out, the pressure in 
tons per square inch coming on the tower would be indicated by the 
length of the diagonal line of force. If the cable had less sag, the lines 
of the parallelogram tangent to it would be flatter and the diagonal be- 
come shorter. In other words, without any sag at all in the cable, the 
tension on the cable would be enormous; and the pressure downwards on 
the tower, very small, or none at all. If a short piece of cable were hung 
over the tower with its ends hanging loose on either side, the cable would 
be vertical, and without tension; and the pressure it exerted downwards 
on the tower would be equal to its weight. Good engineering practice, 
therefore, calls for a happy medium between the two, and a definite ratio 
of sag to the length of the cable is a well established factor used in this 
profession. As an explanation of this factor involves higher mathemat- 
ics, it is omitted. 
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PLATE XXI 


The left half of this plate illustrates the top of Pier W-1, and the 
manner in which the rocker arm is mounted on top of the tower. This 
tower is constructed of concrete as there is no deflexion thrown on it 
from the pull of the cables. The rocker arm under each cable consists of 
a vertical column, with a cable saddle securely fastened on its top. The 
bottom is pivoted on a large pin, which bears on a steel base plate set on 
the concrete. As the cables move in a general horizontal direction, which 
may be caused from an unbalanced live load, this rocker arm rotates 
about the axis of the pin. The two rocker arms are connected by a hori- 
zontal girder, parallel with the axis of the pins. 


The end of the stiffening truss coming from Pier W-2 lands on top of 
this tower at the right. The last cable connection to this truss is shown 
fastened to a vertical member of the truss by means of a toggle arrange- 
ment. The bottom of this same vertical member is fastened to a vertical 
column by another toggle connection. The lower end of this column is 
pinned to an eyebar anchored in the pier. The function of this entire ar- 
rangement is to resist any vertical pull that may come on the cables at 
this point. While the lifting tendency of the cables is not as great as it 
is at the center anchorage, no vertical movement here is permissible. 
Any vertical movement would lift the rocker arms from their pins. 
While this toggle arrangement is positive in its vertical restraint, it per- 
mits of a free horizontal movement of the cables and rocker arms, as 
well as of the stiffening truss. Such a horizontal movement is caused by 
both expansion and contraction, and unbalanced live loads. 


The end of the stiffening truss at the left rests on part of this same 
tower, and from this point on, is no longer suspended from the cables 
It bridges over three clear spans, making a landing on each one of the 
two small, inverted T shaped piers, shown in Plate III, and lands on top 
of the San Francisco anchorage. From this point to the western terminal 
near Fifth and Harrison Streets, the decks are carried on a sloping tres- 
tle work, known as an approach. As the landing on top of the anchorage 


is level with Rincon Hill, two auxiliary ramps curve off here to accommo- 
date the automobile traffic originating in this part of the city. 


The right half of this plate, drawn to a slightly larger scale, illus- 
trates the manner in which the stiffening truss is fastened to the vertical 
eyebar extending down into Pier W-4 at the center anchorage. The two 
halves, taken together, represent opposite ends of the same stiffening 
truss. The principle of the toggle arrangement at Pier W-4 is the same 
as that at Pier W-1, but differs slightly in detail. The link at the bottom 
of the truss connects directly to the eyebar, embedded in the concrete. 
The magritude of any horizontal movement at this point is comparative- 
ly small, and much less than at Pier W-1. While the anchorage near Pier 
W-1 sets back some 865 feet from the toggie point connection, the center 
anchorage is immediately adjacent to the toggle connection at Pier W-4. 
There is also a toggle connection that fastens the stiffening truss to each 
tower, by means of a short vertical arm extending up on either side, 
and supported on a cross member riveted to the tower legs. 
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PLATE XXII 


This plate illustrates the west portal of the tunnel that pierces the 
upper part of Yerba Buena Island. The top part of the plate is drawn in 
perspective, and underneath this is shown a cross section of the lower 
deck of the bridge. These two drawings are interposed on each other in 
this manner to indicate how the levels of the two decks of the bridge 
coincide with the levels of the two roadways in the tunnel. There are six 
traffic lanes on the upper deck, allowing a width of 91% feet for each au- 
tomobile on the bridge proper. The roadway on the lower deck is allot- 
ted a space 31 feet wide, and will permit of the passing of three trucks 
abreast. The space for the two tracks on which the interurban electric 
trains will run, is 28 feet wide. The width of the stiffening truss, mea- 
sured from center to center of the cables, is 66 feet. The vertical space 
between the upper and lower decks, or clearance, is 20 feet. The top 
deck is open, and its vertical clearance is only limited by the height 
above it of the diagonal bracing intersection on the towers. 


The steel work of the bridge, of course, does not extend to a point as 
close to the portal of the tunnel as shown in the drawing. The cables 
slope down into the island anchorage quite a distance before the tunnel 
portal is reached. The steel work of the stiffening truss also terminates 
at the anchorage. The roadways are carried on a concrete trestle work 
from the end of the truss to the portal of the tunnel. The tunnel at its 
widest point measures 76 feet across, is 58 feet high, and 540 feet long. 
Its bore is the largest of any tunnel in existence. 


Upon emerging from the east portal of the tunnel, the roadways are 
carried on steel trusses supported on land piers, and pass over the old 
parade ground of the former U. S. Naval Training Station, now removed 
to San Diego. The length of the island crossing is 2,950 feet, the island 
being under the jurisdiction of the U. 8S. Navy, and also contains a U. 5. 
Lighthouse Service Station. The island crossing passes on to the canti- 
lever span at its eastern end. The end of the East Crossing trusses lands 
on a rock fill extending out in the shallow waters from the east shore of 
the bay. On this rock fill a toll plaza is located, and from here the ap- 
proaches will spread out fanwise into three sections, one each to connect 
with arterials that makes the bridge accessible to Berkeley, Oakland and 
Alameda, respectively. 


As an index to the immensity of this project, some of the quantities 
of the material used in building this San Francisco Oakland Bay Bridge 
include 18,500 tons of cable wire, 30,000 tons of reinforcing steel, and 
152,000 tons of structural steel. There will also be 200,000 gallons of 
paint used, 1,000,000 cubic yards of concrete placed, composed in part of 
1,300,000 barrels of cement, and the wood used for forms, caissons, etc., 
totals 30,000,000 feet, board measure. As the finished bridge calls for a 
complete system of illumination, there will also be large quantities of 
electrical equipment used. 
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PLATE XXIII 


This plate shows the layout for the cantilever span, located just east 
of the island shore on the Oakland side. The little inset at the top of the 
drawing illustrates the principle of a cantilever span. By placing two 
blocks of wood in a vertical position, and balancing two other blocks on 
top of them in a horizontal position, a representation is had of the two 
end parts of the cantilever. If a third horizontal block be placed on top 
of the first two, as shown, it will represent the center span of the canti- 
lever. However, the weight of this center block will unbalance the other 


two, and it is necessary to suspend a weight at the outer end of each of 
these two blocks, in order to counterbalance the weight of the third. 


The cantilever span is erected in a manner somewhat on this order. 
Pier E-4 was sunk by means of a caisson, and is of sufficient weight to 
anchor the right end of the cantilever. Pier E-1 is built inshore on the 
island, and its concrete mass so designed that it serves as an anchor for 
the west, or left end of the cantilever. The steel work of each side span 
is carried up on Piers E-2 and E-3 to a stage of completion as shown in 
the drawing. The small center span is shown in this drawing as being 
dropped down below its normal, or final position. It is shown in this po- 
sition in order that a proper conception may be had of the cantilever 
principle. In fact, to avoid the use of any falsework, a great many canti- 
lever bridges are erected by building this center span on a barge, and then 
hoisting it into position from this barge. In this Bay Bridge, however, 
this center span will be erected in its permanent position, one member at 
at a time, by means of traveler derricks. These travelers are mounted on 
the side spans, and travel outwards over the steel work already completed. 


After construction work on the various piers had progressed to a 
certain stage, a two way, short wave radio set was installed, having sta- 
tions on each of the piers, at the center anchorage, at the shore stations 
from which the concrete and other material was dispatched to the piers, 
and at the engineer’s construction headquarters in San Francisco. Many 
advantages could be attributed to this innovation. For example, a cer- 
tain pier might have a barge load of concrete scheduled for a certain 
time, and something occur that would delay the placing of it in the cais- 
son. Headquarters would be informed, and they in turn would radio that 
the mixing be delayed, or dispatch it to some other point that could make 
use of it. Launches, likewise radio equipped, ferried the workmen to and 
from the piers, and in one instance one of the men had his hand crushed, 
just after the launch had left the pier. As the wound bled so badly that 
a first aid kit could not stop it, headquarters was reached by radio, and 
they in turn radioed this launch to return to the pier and take the in- 
jured man ashore to a doctor. Incidentally, all operations are fully cov- 
ered by workmen’s compensation insurance. 


Electric power was used at the piers during construction to actuate 
the derricks, for welding, lights, etc. This was supplied by the local gas 
and electric company by means of a submarine cable laid from shore. 
Huge electrically operated sirens have been installed on Piers W-2, W-3 
W-5 and W-€ in the West Crossing and on Piers E-2 and E-3 in the East 
Crossing, as fog signals. They weigh 750 pounds each, reauire a 1% 
horsepower motor to operate them, and cau be heard for 10 miles. Each 
siren is sounded according to a code, so that a ship’s captain may know 
from which pier each warning comes. 
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PLATE XXIV 


- The upper part of this plate shows the West Crossing span adjacent 
to the San Francisco shore after the cables have been completed, and the 
Suspender ropes all in place. At the extreme right of the drawing is 
shown the center anchorage, and three panels of the stiffening truss that 
have been suspended from the lower ends of the suspender ropes. The 
first vertical member of the truss next to the anchorage shows the toggle 
connection to the cable, which was shown in detail in Plate XXI. It will 
be noted that the bottom of the suspender ropes adjacent to the towers 
will bring the upper deck on a level with the upper member of the two 
horizontal cross braces of the tower, which occur half way up. The level 
of the lower deck coincides with the lower member. 


Besides the three panels of the stiffening truss shown in place at the 
center anchorage, six more panels are in place at the middle of the cen- 
ter span, and another three, not shown, are in place at the San Francisco 
end near Pier W-1. The steel work of the stiffening truss is erected si- 
multaneously at these three points, in order that the cables will be loaded 
symmetrically on either side of the two towers. As there is no derrick 
at the middle of the center span, a hoisting cable is dropped at this point, 
and led over a series of sheaves to the tower bases, where the hoisting 
engines of the derricks are located. Although the catwalks are not shown 
in this drawing, they are not removed until most of the stiffening truss 


is completed, hence the hoisting cables for the steel work is rigged by 
men standing on the catwalks. The steel is hoisted from barges under- 
neath. 


The small inset at the upper right hand corner of this plate illustrates 
the principle involved in a stiffening truss, and shows why the truss 1s 
designated as being “stiffening.’”’ The horizontal members of the panels 
are shown as being sprung from the piers at the side in the form of an 
arch. As weight is applied on top, the curve will tend to flatten out, and 
in so doing it exerts pressure against the piers. As the flattening action 
is opposed by the resistance of the piers, it stiffens the truss. This curve 
upward in a bridge truss is known as the camber, and was designated as 
the crown in Plate II, to indicate the difference in height at the center of 
the span. A steel arch supporter placed in a shoe exerts the same action. 
The wind resistance of the bridge is taken care of in the same manner 
horizontally by the cross members placed underneath the truss, and 
which form a V whose point is at the center of the deck floor. These 
were shown in Plate VII, Figure 2. 


Along the upper and lower deck levels of this stiffening truss are hor- 
izontal girders parallel with the axis of the bridge, on which the road- 
ways are laid. The roadway surfaces are laid in the usual manner, of 
building forms around and under the girders, placing reinforcing bars so 
that the load will be carried to these girders, and concrete poured in 
these forms. Thus, the series of illustrations in this little book has 
shown how the various steps have been carried out in the construction of 
this bridge, from the layout of the plans, to the finishing of the road- 
ways, ready for traffic. 


The lower half of Plate XXIV illustrates the completed bridge in sil- 
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houette, with the inclined approach in San Francisco shown at the ex- 
treme left edge, Yerba Buena Island in the center, and the inclined por- 
tion of the East Crossing landing on the rock fill at the extreme right 
edge. The scale at the top of the drawing, representing 1000 feet to each 
tall mark, and 500 feet for the intermediates, coincides with the main 
structure of the bridge, which is 23,000 feet in length. The approach at 
the Oakland end extends beyond this, but in comparing bridges of major 


dimensions, it is not customary to include the approaches. The length of 
the island crossing is included in this case, and constitutes part of the 
23,000 feet. 


Some of the largest bridges in the world are shown below in the small 
rectangles, each drawn to the same scale as the San Francisco Oakland 
Bay Bridge. The single span of the Golden Gate Bridge, also located in 
San Francisco, tops them all for length of single span and height of 
towers. Although the towers of the West Crossing of the Bay Bridge 
are not as tall as those of the Golden Gate Bridge, and the crossing is 
composed of two spans, the distance spanned is greater, and is the larg- 
est navigable body of water ever bridged. 


Below is given a table, showing the locations, length of structure, and 
height of towers, of the bridges illustrated. 


Name Location Length Height of Towers 
S. F. Oakland Bay San Francisco 23,000 feet 519 feet 
Golden Gate San Francisco 8,940 feet 746 feet 
Firth of Forth Scotland 8,300 feet 360 feet 
George Washington New York City 5,600 feet 595 feet 
Carquinez Vallejo, California 4,482 feet 303 feet 
Sidney Harbor Australia 3,770 feet 430 feet (arch) 
Queensboro New York City 3,725 feet 325 feet 
Ambassador Detroit, Michigan 3,640 feet 378 feet 
Delaware River Philadelphia 3,536 feet 375 feet 
Brooklyn New York City 3,470 feet 273 feet 
Quebec Canada 3,240 feet 344 feet 


The following table shows how the distances of this 814 mile San 
Francisco Oakland Bay Bridge, are distributed over the various parts. 





man CHPancisco: Approach 46. te ee ee 4,200 feet 
San Francisco anchorage to island (2 mileS) 2222.22... ee eeeeneneeeeeeeeeeeeeeeee 10,450 feet 
UE) ro 66 ORR of 01) Oe ee Dn eNO OTE er en Pee eee 2,950 feet 
Mast snore of island ‘to: C0ll. plaza: succinic ett ea enantio dens 19,400 feet 
‘LOU: plaza. ‘to. Oakland terminal 525 2ece cect eee neti eee 6,500 feet 

CTOtal,. CQWIVAIONU TO B74. TNCs) occas ade ehccbipeeatei te data de tectene sh eutianeacoes 43,500 feet 


The San Francisco Oakland Bay Bridge, and the Golden Gate Bridge 
constitute the 8th and 9th bridges to be constructed across the waters of 
this bay. Two highway, and one railroad bridge span the upper, or 
northern reaches of the bay; and two highway, one railroad, and one 
water acqueduct bridge span the lower reaches, or southern part. The 
estimated cost of this San Francisco Oakland Bay Bridge totals $77,000,- 
000, some $55,000,000 for the bridge proper, approximately $7,000,000 
for the approaches, and the balance of $15,000,000 for interurban elec- 
tric car installation. The date of completion is scheduled for January, 
1937, although the work at present is ahead of schedule. 
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